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Builders Dall Flow Tube Cuts Head Loss 90% 
++. provides Maximum Power Savings! 


Dall Flow Tubes offer unsurpassed pressure recovery ... greatly reduced 
pumping costs over extended periods . . . plus adequate line pressure at 
distant points. Annual pump power savings can be approximated by enter- 
ing chart at bottom (at desired line size) . . . tracing vertically to sloping 
flow line (maximum capacity) ... and reading actual dollar savings directly 
opposite this intersection at right of chart 


In addition, the low-priced, performance-proved Dall Flow Tube cuts 


an initial, installation, and operating costs .. . and provides a constant, stable 
\ discharge coefficient over a wide range. KEEP YOUR HEAD, save your 
money, by requesting free copy of Technical Bulletin 115-L3C today! 
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Exclusively 


SWING DIFFUSER* Aeration Equipment—with Wide Band Aeration— 


Successful easy accessibility, uninterrupted performance, economical operation. 
More than 10,000 units in over 700 installations. 


Treatment 


RATEDA ERATION* Small Unit Sewage Treatment Process Equipment 
for 20 to 5,000 people . . . odor free, nuisance free, low cost. More than 
300 installations. 


FLUSH-KLEEN® Sewage BARMINUTOR® Comminut- AER-DEGRITTER® Acrated crp* The Accelerated Sludge 


Pumps—never clog! Solids ing Machine — continuous Grit Removal System—pro- Digestion System for unpar- 
never reach the impeller. screening and subsurface vides simultaneous grit alleled savings. 21 systems in 
More than 12,000 installa- cutting of sewage solids. washing and concentration. successful operation, 10 
tions. More than 200 installations. More than 175 installations. more on order. 


Chicago Pump Company offers a complete line of Sewage Treatment 
Equipment capable of solving any sewage problem. 

Consulting Engineers are invited to request specific data direct or by 
contacting Distributors located in most principal cities. 


In addition, Chicago Pump 
Company Manufactures 


SCRU-PELLER® Sludge Pumps 
STANDARDAIRE Blowers 

“Chicago” Floating Digester Covers 
COMMINUTOR* Comminuting Machines 
Lift Stations 


Putting Ideas to Work 
f//} FOOD MACHINERY AND CHEMICAL CORPORATION 
000 Chicago Pump Company 
G22 DIVERSEY PARKWAY CHICAGO 14, ILLINOIS 
*a trademark of Chicago Pump Company © 1958 Chicago Pump Compony 
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This Steubenville, Ohio plant is 
part of an Interstate project to help 
clean the Ohio River. P.F.T. equip- 
ment plays a major role in the 
many plants in this program. 


P.F.T. Equipment helps make Steubenville 
important link in Ohio River clean-up 


Eight states are co-operating in the huge 
Ohio River restoration program. This new 
Steubenville plant is already doing its part. 
Across the river, the new Weirton, West 
Virginia plant will soon be completed. 
Alden E. Stilson & Associates are the Con- 
sulting Engineers for both plants. 

Notice that Steubenville’s high pressure 
storage sphere is mounted on top of the 
digester control chamber. A P.F.T. Gravity 
Gas Holder provides control for the high 
pressure gas compressor assuring its effi- 
cient operation during periods when excess 
gas is available for storage. 

The P.F.T. equipment in Steubenville in- 


ORT CHESTER, N.Y @ SAN MATEO, CALIF. @ 


cludes: two 65’ Floating Covers, two Liq- 
uidometer Liquid Level Gauges with low 
level alarms, two #500 Shell & Tube Sludge 
Heat Exchangers. two Removable Super- 
natant Selectors and Gas Safety Equipment. 

If you would like further information on 
any of this P.F.T. equipment, please write. 


waste treatment equipment 
exclusively since 1893 


PACIFIC FLUSH TANK CO. 


4241 Ravenswood Avenue 
Chicago 13, Illinois 


CHARLOTTE, N.C. @ JACKSONVILLE @ DENVER 
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| THE C-E RAYMOND FLASH DRYING 


SYSTEM... 


reasons why 
it’s your best choice 
for sludge disposal 


IT OFFERS THESE FUNCTIONS: 


1. Drying ...Only the C-E Raymond Sys- 
tem gives you controlled drying. This means 
that your filter cake is reduced to particles 
uniform in size... low and uniform in mois- 
ture content ... highly suitable for use as a 
fertilizer when sludge characteristics permit. 


2. Incineration ...The Raymond System 
provides the simplest, most efficient method 
of sludge incineration. It produces a sterile 
ash that is free of clinkers ... requires less 
purchased fuel. 


3. Deodorizing ...The C-E Raymond 
System is the only one that offers high tem- 
perature deodorization to remove foul odors 
from combustion gases, as well as from 
sludges holding tanks. 


WITH THESE FEATURES: 


4. Superior Structure... Instead of 
relying on multiple refractory arches, the 
C-E Raymond System utilizes small groups 
of arch bricks individually hung from steel 
supports above and outside the furnace. This 
not only makes arch failure virtually im- 
possible, but permits very rapid start-ups 
and shut-downs .. . offering important man- 
hour and fuel savings. 


5. Economical Operation...This 
system has a proved record of low mainte- 
nance costs. Not only is maintenance neg- 
ligible, but the revenue gained from the sale 
of flash-dried sludge as fertilizer can help 
pay the operating costs of your plant. 


More filter cake is dried and/or burned 
in this system than by all other systems 
combined. 


6. Proved Dependability... More 
than a quarter of a century of use and de- 
velopment in plants throughout the United 
States and abroad has shown the capa- 
bility of the C-E Flash Drying System. 


For detailed information on the C-E 
Raymond Flash Drying System, and how 
it can benefit your community, contact 
the Combustion office nearest you. A C-E 
specialist will be glad to discuss your re- 
quirements with you or your consultants. 


COMBUSTION ENGINEERING ay 


RAYMOND DIVISION, 1315 North Branch Street, Chicago 22, Illinois 


C-107C 


Eastern Office: 200 Madison Ave., New York 16, N. Y. * Western Office: 510 West 6th St., Los Angeles 14, Cal, 


Canada: Combustion E 


ing-Superheater Ltd. 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 
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SIMPLEX PUTS ON THE SQUEEZE 


to give you accurate control 


over sludge flow 


You can forget control problems—even 
with heavy viscous fluids — with the 
Simplex Squeeze Type Sludge Con- 
troller. Key to the accurate control you 
get is the automatically operated rub- 
ber flex valve. 

And behind the operation of this 
controller you'll find a Simplex Meter 
that gets its signals from flow through 
the venturi section of the tube. 

By an automatic system of solenoids, 
relays, gear mechanism and reversible 
motor, the rubber flex valve opens or 


closes to maintain flow at the level 


which you have previously selected. 

You can set rate of flow between 
85% of maximum and 15% of mini- 
+3%. 


Controllers of this type are available 


mum with accuracy within 
for line sizes ranging from 3 to 12 
inches, to handle maximum flows of 
250,000 GPD to 6 million GPD. 

With you providing the facts on line 
size, type and nature of fluid, working 
pressures, and installation dimensions, 
we'll recommend the controller best 
suited to your needs. Or write for a 
detailed brochure. 


SIMPLEX 


VALVE AND METER COMPANY 


LANCASTER, 


PENNSYLVANIA 


A subsidiary of PFAUDLER PERMUTIT INC. 
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MEMBER ASSOCIATION MEETINGS 


Association 


New York Sewage and Industrial Wastes 


Assn. 


Utah Sewage and Industrial Wastes Assn. 
‘Texas Water and Sewage Works Assn. 
Mississippi Sewage and Industrial 


Wastes Assn. 


New Jersey Sewage and Industrial 


Wastes Assn. 

Arkansas Water and Sewage Conf. 

Louisiana Conf. on Water Supply and 
Sewerage 

Montana Sewage and [Industrial Wastes Assn. 

Virginia Industrial Wastes and Sewage 
Works Assn. 


\rizona Sewage and Water Works Assu 


Kansas Sewage and Industrial Wastes Assn. 


California Sewage and Industrial Wastes 


Assn. 


Place Time 


Park Sheraton Hotel 
New York, N. Y. 


22-23, 1959 
Univ. of Utah 
Salt Lake City, Utah 


Texas A & M College ; i, 1959 
College Station, Tex. 


Robert E. Lee Hotel 
Jackson, Miss. 


Traymore Hotel 
Atlantie City, N. J. 


Marion Hotel 
Little Roek, Ark. 


Louisiana State Univ 
saton Rouge, La. 


Jordan Hotel 


Glendive, Montana 


The Mimslyn . 13-14, 1959 


Luray, Va. 


Hi-Way House Hotel . 16-18, 1959 
Phoenix, Ariz. 


Baker Hotel 
Hutchison, Kans. 


22-24, 1959 


Lafayette Hotel . 29- 
Long Beach, Calif. May 2, 1959 


THIRTY-SECOND ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 
Host—Sewage and Industrial Wastes Section, 
Texas Water and Sewage Works Association 

Statler Hilton Hotel, Dallas, Texas 


Technical Meetings and Exhibits—Dallas Memorial Auditorium 
October 12-15, 1959 
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Block & Veatch, Consulting Engineers 
Kansas City, Missouri 


At its home office and factories at Newton, lowa, The 
Maytag Company recovers approximately 70% of its 
metal finishing waste waters for re-use in plating and 
other plant operations. 

1 MGD of segregated wastes from pickling, phos- 
phating, porcelain enameling, electroplating, etc., are 
treated in VorRTI® mixer basins and a CYCLATOR® 
clarifier to produce an effluent suitable for disposal or 
water reclamation. 

Let your INFILCO representative discuss your 
specific waste treatment problems with your engi- 
neers. Send today for the following bulletins: 850 
(“CYCLATOR” clarifiers) ; 700 (VoRTI® mixers) ; 1960 
(CATEXER® ANNEXER® ion exchangers). 

State your chemical feeder needs. Or write for 
Bulletin 80 for the complete line of INFILCO equipment 
for every type of water and waste treatment problem. 

General Offices - Tucson, Arizona - P.O. Box 5033 
INFILCO invites inquiries on all industrial water supply rs 
and waste-water treatment problems. 


THE ONLY COMPANY impartially offering equipment for ALL types of water and waste pr 
precipitation, sedi tion, flotation, filtration, ion exchange and biological tr 
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IB YAN YG 
Open Channel Meters 


for trouble-free low cest measurement of 
Sewage, Industrial Wastes, Sludge, Irrigation, Water Supply 


Bailey Meters offer these advantages — 


. Easy to Install and Maintain 
. Retain Accuracy 


. Adjustable Capacities 


l 
2 
3. Self Cleaning 
1 
5 


. Totalize Multiple Flows 
6. Chemical Feed Control 
7. Flow and Ratio Controls 
8. Low Cost 
For further information on how Bailey Meters 
can meet your needs, ask for Bulletin M22-5. 
MU25 


Bailey Meter Company 


1066 Ivanhoe Road * Cleveland 10, Ohio 
Meters and Controls for Sewage and Water 

Venturi Tubes + Flumes + Weirs + Nozzles «+ Orifices + Direct Mechanical and 
Remotely Located Registers + Air-Operated, Electronic and Electric Controls 
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hundreds of communities heard from 
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CAST IRON PIPE WINS THE VOTE 


Recently a questionnaire was 
mailed to water utility man- 
agers all over the U.S. One ques- 
tion asked was: What kind of 
pipe do you prefer and why? 
With 42 states heard from, the 
vote is overwhelmingly in favor 
of cast iron! Here are typical 
comments: 


“Cast iron pipe has been in use for 200 
years, and the record speaks for itself. 
All the other types have their use, but 
we would not recommend them in a 
well-built, expanding water works dis- 
tribution system or large transmission 


lines.” 
—Iinois 


“1. Cast iron pipe is permanent— 
long life. 2. Lined pipe cuts down 
complaints of ‘red’ or ‘rusty’ water. 
3. Mechanical joints are time and 
labor-saving over other types of 
joints, and are more flexible.” 


—lowa 


“Long life has been proven. I have 
personally observed pieces cut out 
of existing systems which were laid 
prior to the turn of the century. 
Such observations indicated the 
pipe to be as good as the day it 


was laid.” 
— Kansas 
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SEWAGE AND INDUSTRIAL WASTES 


HANDS DOWN! 


“We are located in a limestone 
area. We find cast iron pipe will 
absorb more rock damage than any 
other pipe. We also use cement 
lined pipe to overcome our corro- 
sion condition which exists in our 


water.” 
— Pennsylvania 


“Tt is very easy and fast to lay, and 
you can swing the joint enough in 
places where you can save time and 


— New Jersey 
THREE REASONS WHY 
CAST IRON PIPE IS AMERICA’S 
GREATEST WATER: CARRIER: 


1. More miles of underground cast 
iron water mains are now in use 
than of all other kinds of pipe 
combined. 

2. More miles of cast iron water 
mains are now being purchased 
and laid than of any other kind 
of pipe. 

3. Impartial surveys prove that 
today’s water utility officials and 
consulting engineers prefer cast 
iron pipe for underground water 
distribution by an overwhelming 
majority. 


... good reasons for you to choose 


CAST IRON PIPE 


Cast Iron Pipe Research Association 
Thos. F. Wolfe, Managing Director 
3440 Prudential Piaza, Chicago 1, Ill. 
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IOWA SHEAR GATES—either ail iron 
bronze mounted. Gate-seating 
wedges bolted on, permitting replacement 
without replacing frame. 


or iron, 


SEWAGE 


IOWA PLUG DRAIN VALVES— 


rising or non-rising stem type. High 
strength cast iron bodies; bronze 
stem, operating nut, disc ring and 
seat ring; rustproof steel bolts and 
nuts. Handwheels, extension stems, 
plain or indicating floor stands if 
required. 


| IOWA VALVE COMPANY 


For 45 years a reliable source for 
precision engineered products 


AND 


INDUSTRIAL WASTES 


IOWA CHECK VALVES— 
Swing gate type for use in either 
horizontal or vertical pipe lines. 
Bronze trimmed throughout. Stain- 
less steel hinge pins. Leather or 
rubber faced gates, or solid bronze, 
as desired—aluminum gates avail- 
able for air service 


IOWA FLAP VALVES—al! 
iron; can be furnished with bronze 
hinge bolts or fully bronze mounted 
— including bronze bolts, flap ring 
and seat ring—when required 


IOWA MEDIUM AND LOW 
PRESSURE VALVES—either 
non-rising stem or outside screw 
and yoke types. Designed as care- 
fully as those conforming to 
A.W.W.A. specifications but with 
lighter construction for lower 
pressures. 


Whit Topay for durenipptive 


CLOW HYDROSTATIC RE- 
LIEF VALVES — commonly 
used in bottom of concrete tanks 
to prevent ground water from float- 
ing the tank. Close-grained cast 
iron body and lid; lead seat ring 
and lid ring. Cast iron grate in bot- 
tom prevents foreign matter from 
entering tank. 


1OWA SLUICE GATES—can be used 
in lines having both seating and unseat- 
ing pressures. High strength cast iron, 
bronze mounted, with solid bronze adjust- 
able wedges. Can be equipped with cyl- 
inder or motor unit for automatic 
operation. 


A Subsidiaoy of 
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CONCRETE PRESSURE PIPE 
FOR SEWER FORCE MAINS... z 


Here are some of the reasons why. Concrete Pressure Pipe not only 
is virtually permanent itself but also has permanently high carrying 
capacity. Pumping costs do not tend to rise over the years and lines 
do not have to be taken out of service for cleaning and scraping. 
From an installation standpoint the joints in concrete 
pressure pipe are simple and easy to make up in the ditch. 
They are watertight, yet at the same time offer the advan- 
tage of enough flexibility to withstand changes in position 
\ due to settlement, misalignment or temperature variations. 
More and more cities are swinging to concrete pressure 
pipe for sewer force mains as well as water mains. It will pay 
you to consider Concrete Pressure Pipe for your installation. 


Concrete AMERICAN CONCRETE 


PRESSURE PIPE ASSOCIATION 
PRESSURE © 228 N. LaSalle Street 
Chicago 1, Illinois 
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Washington, D. C., Arlington County, Virginia and parts 
of Fairfax County, Virginia have unique, efficient, and 
progressive means of providing more effective water 
service for public health, convenience and fire protec- 
tion. The Supply System was designed, built and is op- 
erated by the Corps of Engineers, United States Army. 
The Distribution System in the national capital is operated 
by The Commissioners, District of Columbia, Department 
of Sanitary Engineering. More than one million persons 
are being served and they are being served well... 
153,157,000 gallons per day. 


Interior views of the completely air-conditioned 
Dalecarlia Pumping Station showing some of the 
many Chapman Cone Type Valves used largely as 
protection from reversal on power failure of pumps 
and piping. The Dalecarlia Hydroelectric Station 
utilizes surplus water for generation of electrical 
energy, thereby reducing pumping power costs. The 
hydro-turbines may be converted to raw-water 
pumps, reversing the direction of water flow. 


Right, Chapman 30-inch discharge cone valve, one 
of the countless Chapman Valves used throughout 
this system. 


and he’ll call at yeur convenience. 


Big and modern as it is, the Water System of The 
District of Columbia is still expanding. They have al- 
ready invested $85,323,559 in this public service and 
more funds have been appropriated for extra facilities. 
These include construction of additional filters, a new 
chemical building, and an added two story floccula- 
tion-sedimentation basin. 

The source of water for the entire system is the 
Potomac River. Water is pumped through miles of 
conduits to the McMillan, Georgetown and Dalecarlia 
reservoirs for storage and subsequent filtration and 
treatment. Pumping stations are operated at 
McMillan, Dalecarlia, Bryant Street, Reno and 
Anacosta. Filtration plants are at McMillan and 
Dalecarlia. And throughout the entire system you'll 
find countless Chapman Valves. Chapman has been 
meeting the demands of this modern system for a 
number of years. The United States Army Corps of 
Engineers and the District of Columbia, Department 
of Sanitary Engineering insist that their valves meet 
every modern requirement . . . requirements that in- 
volve operation, size, pressure, stress and flow. 


The CHAPMAN Valve Manufacturing Co. 


INDIAN ORCHARD, MASSACHUSETTS 


For more than 75 aggressive years, Chapman has been producing valves that meet every modern requirement. 
Chapman has the engineers, the metallurgists, the foundries, the manufacturing and testing facilities to meet the 
higher-pressure, higher-temperature demands of both today and tomorrow. At Chapman, there is always some- 
thing new. It will pay you to talk with one of our engineers and let him bring yeu up to the instant. Write to us 
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Dy. 
cast concrete pipe carries a diverted 
creek under the Griffiss Strategic Air 
S SMOOTHER SURFACES OF A-M i 
CONCRETE PIPE CUT COSTS *90,000 
T ‘oncrete pine save IJ. S. Govern- 
9 x 6 CORRUGATIONS * Concrete pipe saved the U. S. Govern H 
0.030 ment more than $90,000 through more ef- 
| 1x 2% CORRUGATIONS ficient, smaller sizes that are more easily t 
installed. 
= MONOLITHIC CONCRETE ¢ Precast concrete pipe will continue to I 
serve year after year as a permanent 
| | - Pp 
* 0.0104 A-M PRECAST CONCRETE PIPE structure virtually free of maintenance. ; 
¢ Precast concrete pipe speeds and simpli- ay 
fies construction without fear of flota- 
SS 24 18 72 96 tion, displacement or seepage. a} 
¢ Precast concrete pipe eliminates hazards 
ROUGHNESS COEFFICIENTS.-PROVEN BY TESTS of inflammable coatings. 


CONCRETE PRODUCTS DIVISION 
GENERAL OFFICES: 
AMERICAN-MARIETTA BUILDING 
101 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS, PHONE: WHITEHALL 4-5600 


AMERICAN-MARIETTA COMPANY 


_ INCHES AVE THOUSANDS 
Ly with A. Prec Concrete Prodi ie 
ay | 


Link-Belt Uniflow settling tank matches efficiency of 


conventional tanks in 


25% less 


detention time 


Uniflow with same overflow rate as 
conventional tank costs less to construct 


Combining a rapidly sloping bottom with a system of multiple weirs, Link- 
Belt Uniflow tank design increases the efficiency of solids removal from 
water, sewage or industrial liquids. Removal efficiency depends on overflow 
rate and not upon the depth of the basin. With Uniflow’s sloping bottom de- 
sign, tank volume is reduced as much as 25% while the surface area and 
resultant overflow rate remain equal to that of conventional tanks. You 
realize greater efficiency, lower construction and concrete costs. 

We will be glad to work with your engineers, chemists and consultants. 
Ask your nearest Link-Belt office for Folder 2648 containing selection charts, 
construction details and specifications. 


SANITARY ENGINEERING EQUIPMENT 


UNIFLOW AT WORK. Modern sewage 
treatment system Link-Belt 
Straightline collectors in Uniflow set- 
ting tanks. Structural aspects of Uni- 
flow design make possible the use of 
conventional equipment, give flexibili- 
ty of layout to accommodate site char- 
acteristics. Here operator tilts Link- 
Belt Rotoline scum pipe. 


UNIFORM INFLUENT 
DISTRIBUTION 
ACROSS TANK 


UNIFORM FLOW 
THROUGHOUT 
ENTIRE TANK LENGTH 
UNIFORM EFFLUENT 
DISCHARGE 

FROM SURFACE 


LINK-BELT COMPANY: Executive Offices, Prudential 
Plaza, Chicago 1. Sanitary Engineering Regional 
Offices—-Colmar, Pa., Chicago 9, Kansas City 8, 
Mo., San Francisco 24. Sales Offices in All Principal 
Cities. Export Office, New York 7. Representatives 

Throughout the World. 
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SEWAGE AND INDUSTRIAL WASTES 


FOR ALUM 


liquid or dry 


the shortest 


Atlanta, Ga 


distance between two points 
Cleveland, 0 

meecper is usually the distance 

E. St. Louis, Ii! 

pean between our plant and you! 
Johnsonburg, Pa 
Kalamazoo, Mich 
—— Check the list of General Chemical’s dry or liquid alum 
Marcus Hook, Pa producing locations at left. Chances are one is 

Menasha, Wis convenient and close to you. In addition to these 


Middletown, 0. 
siceces te plants, our chain of warehouses across the country 


New Orleans, La makes stocks of dry aluminum sulfate readily 
Pine Bluft, Ark available in every major center of commerce. 
Port St. Joe, Fla 72 ° F 
Sa Write or phone for information on how 
Port Chicago), Calif we can serve you. 

Savannah, Ga 

Tacoma, Wash 
Vancouver, Wash 
Wisconsin Rapids, Wis. 


Basic Chemicals for American Industry 


GENERAL CHEMICAL DIVISION 
40 Rector Street, New York 6, N. Y. 


Offices: Albany * Atlanta * Baltimore * Birmingham * Boston * Bridgeport ¢ Buffalo ¢ Charlotte 
Chicago * Cleveland (Miss.) * Cleveland (Ohio) * Denver * Detroit * Houston ¢ Jacksonville 
Kalamazoo * Los Angeles * Milwaukee * Minneapolis * New York ¢ Philadelphia * Pittsburgh 
Portland (Ore.) * Providence * San Francisco * St. Louis * Seattle « Kennewick, Vancouver and 
Yakima (Wash.) 
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SEWAGE AND INDUSTRIAL WASTES 


New factory-made 
Compression Joints 


Stop Infiltration 


Concern over meeting rigid infiltration requirements is now 


a thing of the past. From the research laboratories of the 


Clay Pipe Industry comes new, factory-made, compression joints that control 
reduce pumping cost to an 


infiltration to strict specifications 
absolute minimum. Together with new, longer, stronger lengths, these 

revolutionary joints make Vitrified Clay the fastest, most economical 
the most efficient in performance, as well as the 


to install . 
longest-lasting pipe ever developed for sanitary and waste 


installations. Now, more than ever before, only Clay Pipe 


has all the features you can trust! 


el» complete 
inform ation mcerning 
the many advantages new, factory-made, 
ompression joints have to offer call 


or write the NCPM1 office nearest you 


C-158-12A 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 
1820 N St. N. W., Washington 6, D.C. 
311 High Long Bldg., 5 E. Long St., Columbus 15, Ohio * 703 Ninth & Hill Bldg., Los Angeles 15, Calif. 
Box 172, Barrington, Illinois * 1401 Peachtree St., N. E., Atlanta 9, Georgia 
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SEWAGE AND 


INDUSTRIAL WASTES 


ES NEW, It’s from 


THE SR 
CLARIFIER 


The new SR Clarifier makes a THREE 
product separation of sewage. One, it 
rapidly removes fresh sludge from the 
floor of the final Clarifier through spe- 
cial vertical withdrawal pipes affixed 
to a partially submerged trough at the 
top of the tank. Two, it provides for 
positive removal of fine silt and other 
inorganic solids by continuous and posi- 
tive scraping action to a center sump. 
Three, it 
overflow over the outside weir. 


provides for normal effluent 


for RAFID 
sludge removal 


Advantages of the new SR over all 
competitive units are the positive vis- 
ual evidence of sludge removal and the 
separate removal of inorganic solids by 
continuous raking movements which 
deposit solids in a central sump from 
where it is pumped periodically. 

For more complete information on 
the new SR Clarifier for rapid sludge 
removal write Dorr-Oliver Incorpo- 
rated, Havemeyer Lane, Stamford, 
Connecticut. 


L__JIORR- 


WORLD - WIDE RESEARCH 


STAMFORD 


ENGINEERING 
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Sewage Works 


The cost of needed waste treatment 
works is an ever-present question in 
the forefront of planning for conser- 
vation of the quality of our Nation’s 
water resources. How much must be 
spent to meet the current backlog of 
needs? What must be spent to meet 
growing population and urbanization 
requirements? How much must be 
spent to remodel and replace facilities 
that become obsolete? How much will 
plants to treat industrial wastes add 
to over-all pollution control costs? 
Answers to these and other similar 
questions must be provided if intelli- 
vent planning is to be done. 

In this paper, one part of the over- 
all water pollution control needs is 
examined—the backlog of municipal 
treatment. The consideration 
of needs is based on positive reports 


sewage 


from state water pollution control 
agencies, not on any arbitrary criteria 
applied uniformly throughout the 


(‘nited States. The reports represent 
judgment in individual cases by of- 
ficials best qualified to determine local 
requirements. They are needs that 
exist now. No attempt has been made 
for purposes of this study to project 
any future requirements. 

For the last twenty years, the Pub- 
lic Health Service, in cooperation with 
state health and water pollution con- 
trol authorities, has compiled and pub- 


*Presented at the 3lst Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; Detroit, Mich.; Oct. 6-9, 1958. 


SEWAGE TREATMENT NEEDS OF THE UNITED 
STATES * 


By Gorpon E. McCaLttum ANnp JOHN R. THOMAN 


Respectively, Chief and Senior Sanitary Engineer, Water Supply and Water Pollution Program, 
Public Health Service, Department of Health, Education, and Welfare, Washington, D. C. 


lished an inventory of sewage disposal 
systems in the United States. Be- 
ginning in 1953, the state reporting 
agencies were requested to define cur- 
rent needs for sewage treatment in 
those communities having sewer sys- 
tems. These requirements were re- 
ported on a coded basis as follows: 


0—New treatment facilities: A 
plant is needed where none now 
exists. 


1—Enlargement of existing facili- 
ties: Expansion of present facilities 
and processes is required. The ad- 
dition of new or different processes 
is precluded. 

2—Additions: Addition of other 
treatment methods or processes is 
needed. 

3—Chlorination : Self-explanatory. 

4—Replacement of existing plant: 
The present plant is to be completely 
replaced and no longer used. 

5—Improved operation or utiliza- 
tion of existing facilities: Self- 
explanatory. 

6—Connection to adequate exist- 
ing sewer system: Self-explanatory. 

7—No needs. 


In some instances the reporting 
agency gave multiple responses to this 
needs question. To arrive at additive 
tables it was necessary to arbitrarily 
select one alternative only, and in 
such cases, the lower code number was 
selected. Such arbitrary selections 


were few, and have not significantly 
affected the data. 
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SEWAGE AND INDUSTRIAL WASTES 


Summarized data on municipal sew- 
age treatment needs from the 1957 
Inventory of Municipal and Industrial 
Wastes Facilities (1) have recently 
been reported (2) in detail. In this 
summary tables are pre- 
sented. In addition, the estimated cost 
of the needed facilities is given. 


study only 


Methods 


The data reported in the ‘‘Inven- 
tory’’ were summarized by states, pop- 
based on the census 
community, and 
major drainage Only actual 
reports were summarized, and these 
were then extrapolated for an entire 
group on the basis of reported experi- 
ence within that grouping. This type 
of extrapolation produces summary 
data which vary slightly, depending 
data arrangement. 


ulation groups 
population of the 


basins. 


on the original 


Consequently, one extrapolation was 
adopted as standard, and all others 
adjusted to it to present uniform data. 
The procedures used are explained in 


detail in the published report (2). 

Reporting of needs data in the ‘‘In- 
ventory”’ quite complete. Na- 
tionally, the reports received covered 
87.7 per cent of the treatment plants 
serving 89.7 per cent of the popula- 
tion, and 89.4 per cent of the systems 
which discharged raw Data 
for raw sewage discharges represent 
72.1 per the population so 
served. 

The quantification of these needs in 
terms of current dollars accom- 
plished using recently prepared per 
capita cost curves. These data 
were developed from contract award 
information available to the Public 
Health Service for those plants con- 
structed with financial assistance under 
the Federal Water Pollution Control 
Act (P. L. 660, 84th Congress). 

Briefly, the per capita cost data were 
analyzed on an area basis, where each 
project cost was reduced to a 1913- 
dollar using the Engineering 
News-Record Construction Cost Index 


was 


sewage. 


cent of 


was 


cost 


base 


January 1959 


for one of the twenty cities where such 
information is compiled. For pur- 
poses of this paper, the costs were then 
expanded to 1957 dollars, using the 
U. 8. Construction Cost Index for that 
year. In obtaining the costs by drain- 
age basins, differences in regional costs 
were taken into account. 

All per capita costs were applied 
to the needs data by population 
groups. The primary and 
secondary treatment were obtained for 
plants serving 500 and 100,000 persons 
and at the mid-points of the remaining 
six population groups. 

The cost of needs for existing plants 
was obtained, using the following cri- 
teria. It was assumed that primary 
and secondary treatment would be re- 
placed by the same degree of treat- 
ment. Replacement of present minor 
than sedimentation) and _ inter- 
mediate treatment plants was raised 
one degree of treatment to primary 
and secondary, respectively. Addi- 
tions and enlargements of existing 
plants were computed at one-half the 
cost of replacement or new plant con- 
struction. Connections to adequate 
systems assumed to require a 
complete new plant. 

New plants for now dis- 
charging raw sewage were allocated to 
primary and secondary treatment de- 
pending on present experience as de- 


eosts of 


(less 


were 


systems 


termined from the recent summary of 
the 1957 ‘‘Inventory’’ (3). Connee- 
tions to adequate systems for those 
systems discharging raw sewage were 
apportioned in a similar fashion. 

In present usage the term ‘‘sewage 
treatment works’’ includes interceptors 
and outfall sewers as well as the treat- 
ment plant. these needs were 
not reported in the ‘‘Inventory,’’ an 
estimation was required. 

Contract award data collected by 
the Publie Health Service for the years 
1952 to 1957 (4) examined to 
the relationship 
new plant and interceptor-outfall con- 
For these six 


Since 


were 


determine between 


struction. years, econ- 
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tracts for interceptors and outfalls 
were 93.4 per cent of the dollar value 
of new plant construction. This per- 
centage factor was applied to the total 
amount for replacements, new plants, 
and connections to adequate systems to 
estimate costs of needed interceptors 
and outfalls. It was assumed that 
plants requiring enlargements or addi- 
tions were adequately served by inter- 
ceptors and outfall sewers. 

Finally, the estimated construction 
contract costs developed were increased 
by 25 per cent to provide for land, 
legal, architectural, and engineering 
expenses and for the costs associated 
with finaneing. In 1948, Velz (5) 
cited 80 to 85 per cent of the bonded 
cost of a project as representing the 
actual construction contract value. 
The use of one-fifth the total project 
cost for these additional items appears 
to be reasonable. 

The total of the backlog of 
municipal sewage treatment needs de- 
veloped by the methods described 


cost 


above and based on present popula- 
tions and present experience is con- 
sidered conservative. 


This backlog is not a complete pic- 
ture in that future treatment needs are 
not included. The factors of obsoles- 
cence, great population increases, the 
trend towards more urbanization, the 
need for treatment exceeding that ob- 
tained through existing secondary 
processes, and the needs occasioned by 
increased industrial wastes loadings on 
community systems are not 
taken into account. Furthermore, the 
assumption that the degree of treat- 
ment provided by new plant construc- 
tion would follow existing practice is 
a conservative one since recent indica- 
tions show secondary treatment is be- 
ing provided in a greater proportion 
of new plants than was the case when 
existing plants were built. 

The treatment costs for unsewered 
communities have not been estimated. 
Experience thus far in administering 
construction grant features of P. L. 


sewer 


TREATMENT NEEDS 3 


660 indicates that one in five projects 
approved is for a previously unsewered 
community. 

The study of per capita treatment 
plant costs revealed one other factor of 
particular interest to this analysis. It 
indicated a substantial reduction, on a 
constant dollar basis, from similar costs 
ten years ago. Preliminary analysis 
shows a decline of at least 25 per cent. 


Data Included 


Summarized data on municipal sew- 
age treatment needs are presented in 
five tables showing the number of sys- 
tems or plants and the estimated pop- 
ulation connected within each category 
of needs. Tables I and IL are United 
States totals for communities now hav- 
ing treatment plants and for systems 
now discharging raw sewage, respec- 
tively. Table III is arranged by pres- 
ent degree of treatment, and Tables IV 
and V present needs data by various 
types of processes within the primary 
and degree of treatment 
classifications, respectively. 


seconda ry 


The cost of needed municipal sew- 
age treatment projects is shown in 
Tables VI, VII, and VIII. These 
data are arranged by category of needs 
for the United States in Table VI, and 
total costs by population size groups 
and by major drainage basins are 
given in Tables VII and VIII, respee- 
tively. 


The Backlog 
Total Needs 


Almost 4,000 new plants are needed 
to serve 22.2 million persons. Most of 
these are required to serve systems now 
discharging raw sewage, but over 1,100 
new plants to serve 3.4 million persons 
are required to replace existing plants. 
This is about 15 per cent of all existing 
treatment plants in the United States. 
Today, one plant in seven needs re- 
placement, while in 1950 only one in 
ten municipal plants needed replace- 
ment—a substantial rise in relative 
numbers. See Tables I and IT. 
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TABLE I.—-Needs of Existing 
Treatment Plants* 


Need N Ser 
1,000's 
Replacement 1,123 3,448 
enlargement 779 17,001 
Additions 851 8.370 
Chlorination 14 696 
Improved operation 366 
Connection to ade 
quate system 24 Ob 
None 15,871 
Iixtrapolated on basis ol reported needs 


TABLE II.-Needs of Existing Raw Sewage 
Discharge Systems* 
I P 
Need Served 
sten 1.000 
New plants 2 S851 18,725 
Connection to ade- 
quate system 10 S61 
None 2,352 


* extrapolated on basis of reported needs. 


In addition to new and replacement 
plant requirements, 779 plants serving 
17.0 million persons require enlarge 
ment, and 851 plants serving 8.4 mil- 
lion persons need the addition of new 
units 


or 


treatment 
Adding the needs for replacements, 


processes. 


additions, and enlargements and con- 


nection to adequate systems indicates 
three 


needs, 


is inadequate 
let 
increasing pop- 


that one plant in 


for present-day alone ade 


quate for the rapidly 


TABLE III.—-Needs of Existing Treatment 


INDUSTRIAL WASTES 


January 1959 
of the United States. These 
inadequate plants serve a present total 
of 28.8 million 

About 19.6 


systems discharging 


ulation 


persons, 


million persons served 


by raw 


need new plants or connection to 


sewage 
ade- 
When this population 
is added to that served by inadequate 
plants, the total is 48.4 million persons. 


quate systems. 


This is almost half of the people served 


by community sewer systems in the 
United States. 
The cost, in 1957 dollars, of these 


at about $1.8 bil- 
lion, of which $1.4 billion is required 
for plants 
outfall 
The cost of additions and en- 


to be about 


needs is estimated 


completely new treatment 


including interceptors and 
sewers, 
largements estimated 


£321 million. 


Is 


Vecds by Deaqres Treatment 


Extrapolated needs data for plants 
classified by of treatment 
presented in Table III. Twenty-nine 
cent or 795 of 2,730 primary treat- 


degree are 
per 
ment plants require replacement; how 
ever, they serve only 5.2 per of 
the population served by primary treat- 
ment 


cent 


Only 6.5 per cent of secondary 
Enlarge- 
ment of existing plants is a major need 
About 9 
per cent of the primary plants, 13.0 
of 
11.5 per cent of secondary plants re- 


plants require replacement. 
for all degrees of treatment. 
cent 


per 


intermediate plants, and 


quire enlargements. In the aggregate, 


these plants serve 17.0 million persons 


Plants Arranged by Degree of Treatment* 


Mir P ary I rmediate Secondary Total 
Need 
No Bins No. of | Est, Poy No Est. Poy No. 0 Est. Pop No. of | Est. Po; 
Plan Served | Plants Served Plar Served Plant Served Plants Served 
R el 7 92 10) 795 Z 72,671 304 1,125,870 | 1.123 3,448,160 
En mer 2 106.233 4] 13 1,200,405 523 8,617,349 779 17,000,713 
Add l 682,967 31 24 1,000,537 283 1,578,146 R51 8,370,653 
( n 24 20 152,441 44 695,679 
I ope 
a6 $42,389 270 549,622 366 992.011 
n tion t 
ate 
syste 6 15,927 18 19,838 24 65,765 
None 9 145,800 1,037 11,155,083 6 3,317,339 3,229 31,252,438 4,331 415,870,750 
* i’xtrapolated on basis of reported needs. 
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TABLE IV.—-Needs of Existing Primary Treatment Plants* 


| 

Septic Tank | Imboff Tank 

Plants Plants Plants 
Need 


No. of} Est. 


Plants 


Plants) Serve 
erved 


Replace- 


TREATMENT NEEDS 


Mechanically | 
Cleaned Tank 


No. of! Est. Pop.| No. of| Est. Pop.|No. of Est. Pop. No. of Est. Pop. No. of 
d Plants| Served Plants 


| 
Plain Settling 
Tank Plants 


Others, Un- 
known, and 


Total 
Not Stated 


Est. Po 


Served Plants Served Plants Served 


ment 480 616,549 234 390,283 33 218,974; 24 51,966 24 46,607, 795 1,324,379 
Enlarge- 

ment 46 | 81,219) 118 | 869,761) 56 | 6,069,260) 13 32,859 8 23,627; 241 7,076,726 
Additions 95 146,412 307 761,799; 97 | 2,988,272, 12 1,131,925 20 80,595 531) 5,109,003 
Chilorina- 

tion 3 3,937 3 5,180 17 516,705 1 17,416 24 543,238 
Improved | 

operation 8 5,043 68,895 19 365,051 1 400 1 3,000 06 442, 384 
Connection 

to ade- 

quate 

system 3 7,446 3 8,481 6 15,927 
None 145 (125,955) 352 | 1,241,663 434 | 8,488,154 30 127,235 76 1,172,076 1,037 | 11,155,083 

* Extrapolated on basis of reported needs 
As might be expected, few secondary — by plants needing enlargement. Addi- 


treatment plants require additions. 
However, almost one-fourth of the in- 
termediate plants and one-fifth of the 
primary plants require new units or 
About 70 per cent of see- 
plants, serving 31.3 million 
have no requirements. With 
significant increases reported 
(3) for secondary treatment during 
the 1948—57 period, this is expected. 


pre 
ondary 

persons, 
the very 


Primary Treatment Needs 


A complete breakdown of extrapo- 
lated needs for various types of exist- 
ing primary treatment plants is pre- 
sented in Table IV. 

More than half, 61.5 per cent, of 
present septic tank plants require re- 
placement and these plants serve 62.5 
per cent of the population served by 
septic tanks. Twenty per cent of the 
present Imhoff tank plants require re- 
placement ; however, they serve only 12 
per cent of the total population con- 
nected to Imhoff tank plants. Only 35 

5.0 per cent—of the primary plants 
having mechanically cleaned settling 
tanks require replacement. 

Almost one-third of the population 
served by primary plants having me- 
chanically cleaned basins is connected 
to plants requiring enlargement, and 
one-fourth of the population 
served by Imhoff tank plants is served 


over 


tion of other processes or units is re- 
quired by almost 15 per cent of the 
mechanically cleaned tank plants and 
by 28.3 per cent of the Imhoff plants. 


Secondary Plant Needs 


Table V shows extrapolated needs 
data for various types of secondary 
treatment plants. While 70 per cent 
of the plants and population served 
have no needs, significant needs exist 
in the remaining plants. 

Over 5.2 million persons are served 
by 80 activated sludge plants that need 
enlargement, and 2.1 million persons 
are served by 248 standard-rate trick- 
ling filter plants that have similar re- 
quirements. 

Almost 20 per cent of the sand filter 
plants require replacement, as do 17.1 
per cent of the land application plants 
and 6.7 per cent of the oxidation ponds. 
The oxidation ponds needing replace- 
ment serve 16.0 per cent of the popula 
tion served by such plants. 


( ‘osts 
As 


eliminating 


stated, the 


backlog of 


previously 
the sewage 
treatment needs for the United States 
is shown in Table VI by type of re- 
quirement. 


cost of 


Total cost data arranged 
by population groups and by major 
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TABLE V.—-Needs of Existing Secondary Treatment Plants* 


Trick. Filter Trick. Filter Her 
Act. Sludge Standard-rate High-rate Sand Filter 
Need 
No. of | Est. Pop. | No. of | Est. Pop. | No. of | Est. Pop. | No. of | Est. Pop 
Plants Servec Plant Served Plant Sservec Plants Served 
Repl nent 16 90 340,300 21 88.489 76 78.795 
it 80 48 2,106,229 617,621 17 241,099 
i I 14 141 677 A84 32 273,611 37 138,087 
Chlorination 2 4 16,220 0 99,191 | 312 
Irny d at 24 37 276,616 8 118,434 i6 47,988 
(or tion t ua 23,247 6 10,613 1 1,072 
Nor 150 1,247 5,910,966 651 4,754,885 186 322,845 
Land Application | Oxidation Ponds rotal 
nknown 
Need 
No. of | Est. Poy No. 0 } Pop No. of | I Po} No. of | Est. Poy 
Plant Served Plants Served Plants Served Plant Servec 
Re 58 129,750 29 121,500 14 143,675 $04 1,125,870 
nla 28 280,384 28 1468 28 75,176 923 8,617,349 
Ad 37 63,147 15 8,208 283 1,578,146 
O05 20 152,441 
atior 11 14.842 1057 250 622 
ide 2 7.809 18 10 838 
Non 01 905,959 528,001 155 133.419 99g 31.252.438 
xt ated ted need 
drainage basins are shown in Tables Over 32 per cent of the dollar cost 
Vil and VIII, respectively. ot needs $571.8 million are coneen- 


Data in Table VII show rather 
nificantly that the larger cities of the 
United States meeting current 


Sse more 


sic 


are 
treatment needs ade- 
quately than the smaller communities. 
Cities of less than 25,000 population, 
which comprise over 95 per cent of the 
the United 


States, have 35.1 per cent of the con- 


sewered communities in 
nected population and 47.2 per cent of 
the dollar of In 


those cities of over 100.000 with almost 


cost backlog needs. 


5 per cent of the sewered population 


and whose facilities serve over 53 per 
cent of the total sewered population, 
of treatment needs is 


30.9 per cent of the United States total. 


the cost backlog 


TABLE VI.—-Cost of Treatment Backlog 


Replacements and new plants 1,399.0 
Enlargements 105.2 
Additions 216.4 
Connection to adequate systems 15.0 

Total 1,766.5 


* 1957 dollars. 


trated in the highly populous New 
England and North Atlantic drainage 
In the Ohio River basin, $248 
million is required to meet the present 


backlog. 


basins. 


The relationships between needs and 
sewered population present rather in 
Eight of the 
15 major basins have percentages of 
total U. S. costs in excess of their pro- 
portion of total U. S. 


tion. 


teresting comparisons. 


sewered popula 
Pacific North- 
Basin basins, the 


In the Missouri, 
west, and the Great 
cost percentage is more than twice as 
vreat as the sewered population per 
the per 
centage is less than one-half the pop 


eentage. Conversely, cost 


lation-sewered percentage in two basins 
the Lake Erie and Western Gulf. 
Discussion 
The 
backlog of municipal sewage treatment 


$1.8 billion cost to eliminate the 


needs represents only a portion of what 
must be spent to conserve the quality 
of this Nation’s The recent 
‘*Rockefeller Report’? (6) on the na- 
tional an estimated 


waters. 


economy gives 


ees 

| 
4 
{ 
| 
| 

i 
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| 
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range of expenditures for water sup- 
ply and sewage disposal of $2.7 to 
billion in 1967. This is over 
two to three times as much as was 
spent in 1957. While expenditures for 
new sewage treatment plant construc- 
tion have shown a decided annual in- 
crease in recent years, the rate of ex- 
penditure must still more 
sharply in order to make inroads on 
the large volume of immediate needs 
and still keep pace with the new needs 
of a rapidly increasing population. 
The municipal treatment 
needs as reported in the ‘‘Inventory’’ 


increase 


sewage 


TABLE VII.— Cost of Treatment Backlog 
by Population Groups 


Poy ulation Group (nilitens) 
Under 500 9.6 0.6 
500-1,000 38.9 22 
1,000--5,000 294.0 16.6 
5,000-10,000 179.1 10.1 
10,000-25,000 312.4 17.7 
25,000-50,000 189.1 10.7 
50,000—100,000 198.3 11.2 
Over 100,000 545.1 30.9 


Total 1,766.5 100.0 


* 1957 dollars. 
and summarized and quantified in this 


historic, conven- 
pollution. The 


paper are based on 


tional parameters of 


TREATMENT NEEDS 


~I 


TABLE VIII.-Cost of Treatment Backlog 
by Drainage Basins 
| Cost* 
(millions) | 


Per Cent 
of Total 


Drainage Basin 


Northeast 


312.8 17.7 
North Atlantic 259.0 14.7 
Southeast 121.5 6.9 
Tennessee River 32.5 | 1.8 
Ohio River 248.0 | 14.0 
Lake Erie 24.9 | 1.4 
Upper Mississippi 132.5 7.5 
Western Great Lakes 104.6 5.9 
Missouri River 169.0 9.6 
Southwest-Lower Missis- 
sippi 84.6 1.8 
Colorado River 12.4 | 0.7 
Western Gulf 26.1 1.5 
Pacific Northwest 107.5 6.1 
California 99.1 5.6 
Great Basin 32.0 1.8 
Total 1,766.5 100.0 


* 1957 dollars 


needs, if any, that may develop as a 
result of more accurate characteriza- 
tion of some of the newer wastes en- 
tering community sewer systems, are 
conjectural. However, in view of the 
burgeoning use of these products, both 
in the home and in industry, it can be 
assumed that the needs will be sub- 
stantial. Rapidly developing uses of 
atomic energy for peaceful purposes 
may also contribute significant radio- 
active pollution unless adequate pre- 
ventive measures are taken. 
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METHODS FOR MEASURING GREASE IN SEWAGE 


By W. ULLMANN 


Ry pecti ely, Sen Sanitary Chemist, and Ass 
f{naly al Chemistry, Division of Laborato 
Le partment of Health, 
Two methods for the determination 


of grease in sewage appear in ‘‘Stand 
ard Methods’’ (1), the Soxhlet extrac- 
tion method and the tentative 
extraction method. In their 
of these techniques, 
Sanderson, and Elmer (2) showed that 
the Soxhlet extraction method is more 
accurate and precise than the semi-wet 


semi-wet 
develop- 


ment Gilereas, 


procedure Some unanswered ques 


tions remained, 


Reclamation of solvent for reuse in 
the Soxhlet extraction method is de 
sirable as the solvent must be dis- 


Ilowever, 
since petroleum ether is a mixture of 


tilled during the procedure. 
various boiling 
points, distillation may result in loss 
of with a re- 
sulting change in composition affecting 
the rate of of different 
vreases. In the development of the 
method, several solvents were 
Petroleum ether 
desirable on 


hydrocarbons having 


low-boiling fractions, 


solution 


Soxhlet 
investigated 3 
most 


was selected as the 


the criteria that the material extracted 


contained the least amount of ash 
and Kjeldahl nitrogen. Sinee 1947 
when the original work was started, 
normal hexane has become commer 


This 


definite composition and boiling point 


cially available. solvent has a 
distillation. 
chief constitu- 


and is not changed 
Normal the 
ent of petroleum ether, and the solvent 
of the two should be 
Therefore, it seemed desirable 
to investigate the effect of substituting 
n-hexane for petroleum ether in the 


by 
hexane is 


characteristics 
similar. 


Soxhlet procedure, 
The initial work of Gilereas and as 
sociates was confined to the determina- 


stant Director, Laboratories Jor 


AND WaLLACE W. SANDERSON 


Sanitary and 


New York State 


s and Research, 
I/bany, N. 


tion of grease in domestic sewage and 
in samples to which a standard grease 
had added. No data 
tained on the precision and accuracy 
of the method 
large amounts 


been were ob- 


when moderate and 
ot 


As petroleum products are 


petroleum oil were 
present. 
in industrial 


wastes and to some extent 


frequently encountered 
in domestic 
sewage, information on the suitability 


of the Soxhlet extraction procedure for 


their measurement would be useful. 
Studies of the limiting amounts of 
petroleum oil which could be deter- 


mined accurately and precisely by the 
method of 
are included in this investigation. 

In the determination of an 
absolute quantity of a specific sub- 
not Rather, 
similar 


and possible modifications 


grease, 


stance is measured. 
of with 
physical characteristics are determined 
quantitatively, based upon their mu- 
tual solubility the solvent 
Grease therefore can be said to include 
waxes, any other 
extracted petroleum 
acidified 


substances 


in used, 


fats, oils, and ma- 


ether 
sample of sewage 


terial by 


irom an 
which would not be volatilized during 
the procedure used. The 
effect have on 


deleterious 


these materials sewage 
treatment plant operation and diges- 
tion processes as well as the offensive 
appearance they present on water sur- 
well of 


such conditions would be much simpler 


faces is known. Correction 
if some means were available for dis- 
petroleum and 
nonpetroleum products in grease. For 
this reason an attempt was made to 
establish a method for the separation 
and subsequent determination of each 


tinguishing between 
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of these two constituents in the ma- 
terial obtained by the Soxhlet extrae- 
tion method. 

To simplify terminology, the follow- 
ing definitions are used. 

1. Grease—that material determined 
by the Soxhlet extraction method. 

2. Hydrocarbon—that portion of the 
erease of petroleum origin. 
3. Fatty matter—that portion of the 
erease of animal or vegetable origin. 


The investigation was undertaken in 
four sections: (a) the development of 
a method for the differentiation be- 
tween grease of petroleum and non- 
petroleum origin; (b) the evaluation 
of n-hexane as a solvent; (¢) experi- 
mental work on sewage to which oil 
had been added; and (d) precision and 
accuracy studies of the method using 
n-hexane as a solvent. 

To test the procedures on as wide a 
variety of sewage as possible, samples 
five treatment 
plants. The oil used in all cases was 
Shell SAE 20. 


were taken from local 


Experimental Results 


Petroleum and Nonpetroleum 
Fractions 


The following criteria were used for 
evaluation of methods for the differ- 
entiation between grease of petroleum 
and nonpetroleum origin: 


1. Reproducibility (minimum stand- 
ard deviation in replicate determina- 
tions ) 
com- 
both 


2. Minimum time required to 
plete a determination, including 
elapsed and personne! time. 

3. Absence of special techniques or 
apparatus. 


The previously mentioned definition 
—any material extracted 
from sewage by an individual method 
De- 
velopment of a procedure to distin- 
cuish between grease of petroleum and 
nonpetroleum origin is also somewhat 
arbitrary in that it must be based on 


of grease 


is obviously an arbitrary one. 


DETERMINATION 9 


particular chemical or physical char- 
acteristics peculiar to the majority of 
the constituents classified as being of 
either petroleum or nonpetroleum ori- 
gin. 

Three techniques were considered: 
(a) fluorimetry, (b) ultraviolet ab- 
sorption, chromatographic 
adsorption. The first two are similar 
in that both depend on the absorption 
of ultraviolet light by certain consti- 
tuents of the oil. In the fluorimetric 
method the light from 
molecules have been activated 
by absorbed ultraviolet radiation pro- 
vides the means of identification and 
measurement. The ultraviolet absorp- 
tion technique utilizes directly the 
amount of absorbed radiation as a 
measure of the absorbing material. 
Although both of these methods are 
simple to carry out, and both exhibit 
a fair degree of reproducibility, the 
specialized equipment required im- 
serious limitation on their 
usefulness and they were abandoned. 

chromatographic separation of 
the petroleum and nonpetroleum frac- 
tions, based upon the fact that pe- 
troleum is composed mainly of non- 
polar hydrocarbons while animal and 
vegetable fats and 
seemed to be a possibility. 


and (@) 


emission of 
which 


poses a 


oils are polar, 
Alumina 
adsorption columns, 1 em in diameter 
and 12 em high, Petro- 
leum mixtures of 
Crisco 


were used. 
solutions of 
SAE 20 lubricating oil 
were passed through the columns and 
the nonpolar constituents eluted with 
seven successive 10-ml volumes of pe- 
troleum ether. Distillation of the 
solvent from the material which passed 
through the column yielded an_ oily 
residue. 


ether 
and 


Elution of lubricating oil by 
this method yielded from 90 to 95 per 
cent of the amount added. 
Theoretically, it should be possible by 
the 
to isolate the components of the ad- 


original 


selective use of various solvents 


sorbed material that might be of value 


in a study of a specific problem. How- 
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ever, tor the development of the test 
this phase was not pursued. 

A maximum column capacity of 700 
mg of adsorbed material was found to 
prevail. After columns had adsorbed 
500 
were prepared. 


material, new ones 
Grease was completely 
the used alumina re- 
activated by ignition for five hours at 
600°C. 


about me of 


destroyed and 


Solvent Comparison 


In previous work was 
homogenized to obtain, as nearly as 


(2) sewage 


possible, replicate portions of samples 
for determination inde- 
However, 
for the following tests a large sample 
was stirred in the laboratory for 30 
min with a motor-driven propeller, and 
replicate 


of precision 
pendent of sampling error. 


portions taken for examina- 
tion. Thus, precision of these tests is 
affected by sampling error but more 
nearly approximates analysis of actual 
samples. 

After stirring, portions were si- 
phoned into 2-liter beakers and weighed 
Four sets 
of triplicate samples were examined by 
the Soxhlet extraction method (1) for 
each of five sewages and using each of 
the tw 


amounts of oil were added. 


solvents, petroleum ether and 
The range, R (difference 
between smallest and largest of n ob- 
for the triplicate portions 
varied from 1.1 to 9.8 mg when petro- 
leum ether was used, and from 0.6 to 


n-hexane. 


servations 


10.8 me when n-hexane used. 
These values are greater than those 


obtained ‘for samples to which no oil 
was added. For these latter samples 
fe varied from 1.1 to 7.0 mg with pe- 
troleum ether, and from 1.4 to 5.5 mg 
with solvent. How- 
ever, With the addition of oil the total 
amount of extractable 


n-hexane as the 


material is in- 
calcu- 


pres- 


creased and when ranges 


are 
lated on a percentage basis the 
ence or absence of oil in the sample is 
shown to have little effect on the values 
of R. 


If the determinations made on each 


January 1959 


sewage are considered individually, 
three of the five variance ratios, F, 
are greater than the value for the 5 
per cent level of significance (‘Table 
1). However, these # values are in- 
consistent in that two sets of results 
show that petroleum ether yields more 
results while the third set 
shows n-hexane to be the more satis- 
factory. Undoubtedly sampling er- 
rors, caused by the presence of large 


precise 


grease-bearing particles in the samples 
examined, the chief reason for 
these discrepancies. If the data ob- 
tained for the five sets of determina- 
tions are treated as a unit, the result- 
ing variance ratio, F, is less than the 
value for the 5 per cent level of sig- 
Since statistical treatment 
rather than the parts 
the effect of random 
error, more valid comparison is prob- 
ably obtained by using the over-all 
ratio. These results would 
indicate that the substitution of 
n-hexane for petroleum ether does not 
affect the precision of the method. 
To eliminate as much repetition as 
possible, the extract residues from the 
previous stage were used to evaluate 
the alumina separation technique. In 
each case, the extract was dissolved in 
10 ml of petroleum ether or n-hexane, 
depending upon the solvent used in 
the original extraction. The solution 
was then passed through an alumina 
column, the nonpolar constituents 
eluted with seven successive 10-ml vol- 
umes of the solvent, and the eluate col 
lected in a weighed flask. After evap- 
oration of the solvent over a water 
bath the flask and its contents were 
dried for 15 min under vacuum over 
a steam bath, cooled in a desiccator. 
and reweighed, the difference 
the hydrocarbon portion 


The 


were 


nificance. 
of the whole 


tends to lessen 


variance 
then 


being 
of the origi 
nal residue. 


fatty matter was 
taken as the difference between the 
weights of total grease and the hy- 


drocarbon fraction. 
The results of this phase of the in- 


vestigation are also shown in Table I. 
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GREASE DETERMINATION 


TABLE I.—Comparison of n-Hexane and Petroleum Ether for the Determination of 
Grease, Fatty Matter, and Hydrocarbons in Sewage 


Petroleum Ether 


Determination | Run | | 
| Std. Std. Arith 
| Dev. | Dev. Range 
(mg) | (%) mg | (meg) 
Total grease | 1 | 2.09 | 2.52| 4.0 | 83.0 
| 2 | 1.78 | 1.98| 3.5 | 89.6 
3 | 2.28 | 264) 4.5 | 86.3 
| 4 | 3.41 | 2.44) 6.6 |139.4 
| 5 | 1.29 | 1.57| 2.5 | 82.2 

Avg 2.18 | 2.26| 4.3 | 96.2 
Hydrocarbons | 1 | 3.72 5.37] 5.3 | 69.2 
| | 2 | 1.62 | 2.20] 3.1 | 73.6 
3 244 | 3.39) 48 | 71.8 
4. 1239 4.13] 5.4 | 75.6 
J 5 | 0.80 | 1.07 | 15 | 74.6 
Avg — | 2.34 | 3.21] 4.0 | 73.0 
Fatty matter | 1 | 2.61 | 18.32] 3.7 | 14.3 
2 | 2.14 | 13.31] 4.2 | 16.1 
3 | 2.21 | 15.21) 4.3 | 14.5 
4 | 474 | 7.43| 93 | 638 
5 | 1.55 | 20.38) 3.0 | 7.6 
| | 
Avg | — | 2.43 Mat 4.9 | 23. 


* Computation based on combined data from Runs 1 through 5. 


As in the preceding work, random 
errors caused by poor grease distribu- 
tion in the sewage seem to cause dis- 
crepancies in the individual variance 
ratios. Again, the caleulation of a 
variance ratio using data from all five 
sets of determinations eliminates the 
effect of these random errors. There- 
fore, the two solvents, petroleum ether 
and n-hexane, can be interchanged in 
the separation technique also, without 
effect upon the precision of the method. 
The results also indicate that any loss 
of total grease is evenly distributed 
between the fatty matter and hydro- 
carbon portions, giving further evi- 
dence that the precision of the Soxhlet 
extraction method is unaffected by the 
presence of petroleum oil in the sam- 
ple. 


Oil-Sewage Mirture 


To obtain information about the 
limiting amount of grease that could 


n-Hexane Variance Ratio (F-test) 

Std. | Std. | Arith. 
Dev. | Dev. | ip cale.| Fie, 
(mg) (%) me) | (mg) 
4.14 | 4.92) 7.6 | 84.2 3.92 | 2.69 | 4.16 
1.05 | 1.16) 1.8 | 90.4 | 2.84 | 2.69 | 4.16 
1.98 | 2.50/ 3.9 | 86.8 | 1.29 | 2.69 | 4.16 
3.70 | 2.85| 6.9 |142.9 | 1.18 | 2.69 | 4.16 
2.45 | 2.90) 4.6 | 84.6 | 3.89 | 2.69 | 4.16 

| | 
2.70 | 2.76| 4.8 | 97.8 | 1.49*) 1.53" 1.84" 
3.87 | 5.21| 5.5 | 74.3 | 1.07 | 3.44 | 6.03 
2.46 | 3.30) 4.8 | 74.6 | 2.30 | 2.69 | 4.16 
2.24 | 3.09| 4.3 | 72.6 | 1.18 | 2.69 | 4.16 
1.38 | 1.75) 2.5 | 78.8 | 5.12 | 2.69 | 4.16 
1.27 | 1.74 2.4 | 72.9 | 2.53 | 2.69 | 4.16 

2.24 | 2.99| 3.9 | 74.8 | 1.09*| 1.53") 1.84* 
2.13 | 22.73 | 3.3 | 94 | 1.50 | 3.44 | 6.03 
2.32 | 14.60| 4.4 | 15.8 | 1.18 | 2.69 | 4.16 
2.99 | 21.22) 5.8 | 14.1 | 1.85 | 2.69 | 4.16 
3.70 | 4.38! 7.0 | 64.5 | 1.65 | 2.69 | 4.16 
2.86 | 24.42) 5.3 | 11.7 | 3.40 | 2.69 | 4.16 
| 

2.80 12.12 | 5.2 | 23.1 | 1.12%) 1.53%) 1.84* 


be determined with accuracy and pre- 
cision and to study the effect of in- 
creasing the amount of filter aid used, 
two sets of triplicate samples were pre- 
pared by adding 100-, 200-, and 400- 
mg portions of oil to 1-liter volumes of 
sewage. The two sets of samples were 
then analyzed, employing 1 and 2 g 
of filter aid, respectively, for the filtra- 
tions. The sewage used at this time 
had an extremely high grease content 
which exceeded the capacity of the 
alumina column for separating hydro- 
carbon and fatty matter, although it 
offered no difficulty in the total grease 
determination. Therefore, the work 
was repeated with sewage of lower 
grease content. The extracted grease 
was redissolved and separated by the 
alumina column technique. 

Figure 1 shows the relationship be- 
tween the amount of oil added and the 
amount of grease, hydrocarbon, and 
fatty matter recovered. In all cases, 
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T 


MATERIAL RECOVERED (MG) 
8 8 


Fatty Matter: Slope=0.075 
—o —o 


100 200 300 400 


MG. OF OIL ADDED 


FIGURE 1.—Effect of oil and grease concentrations on recovery of grease, hydrocarbon, 
and fatty matter. 


practically identical results were ob- Precision and Accuracy for n-Hexane 
tained with 1 and with 28 of filter These 

aid. Thus, the use of 2 g of filter aid 

did not improve the accuracy or pre- 
cision. The straight-line relationships 


studies consisted of two 
phases; first, an estimate of precision 
using a domestic sewage, and second, 
an accuracy study of synthetic sam- 
ples containing known amounts of 
carbon, and fatty matter Fecovered Shell SAE 20 oil and Crisco. 

indicate that the accuracy is not de- 


between oil added and grease, hydro- 


In the first part, 10 replicate de- 
terminations were made on each of two 
settled sewages. The amount of total 
grease was determined using the 
Soxhlet extraction method with n- 
hexane as the solvent, and next the 
fatty matter and hydrocarbon portions 
were determined. The results are 
shown in Table II. Standard devia- 
cision to be independent of the amount tions are lower than the 1.5 value re- 
of oil or grease present in the samples ported in the original work of Gil- 
within the ranges studied. ereas et al. (2) in which petroleum 


creased by the presence in the sample 
of as much as 400 mg of oil in a mix- 
ture having a grease content of as 
much as 650 mg. Comparison of the 
standard deviations of the four sets 
of data shows the variance ratios to 
be well below the value for the 5 per 
cent level of significance and the pre 


TABLE II.—Precision of Proposed Methods using n-Hexane 


Settled Sewage—A Settled Sewage—B 
Statistical Parameter 

lotal Hydro- Fatty Total Hydro- Fatty 

Grease carbon Matter Grease carbon Matter 
Arith. mean, 2 (mg 16.0 | 1.4 14.6 19.4 2.5 16.9 
Range, R (mg) 2.5 0.6 2.4 1.4 2.8 3.6 
No. of observations, n 19 10 10 10 10 10 
Std. deviation, « (mg) 0.76 0.26 0.81 0.48 1.06 1.23 


#+0.54 #+0.19 | #+0.58 #+0.75 | £40.88 


95% Confidence limit (mg) 
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TABLE III.—Accuracy of Proposed Methods 


Grease Added 


| 
| 


No. ou. | Crisco Total Oil 

(mg) (mg) (mg) (mg) 
1 0.0 | 150.0 150.0 | 22 
2 0.0 150.0 150.0 | 2.8 
3 0.0 | 150.0 150.0 | 2.5 
4 44.3 100.0 144.3 39.9 
5 69.5 100.0 169.5 60.4 
6 52.0 100.0 152.0 48.7 
7 96.0 | 50.0 146.0 88.8 
8 98.8 50.0 148.8 91.6 
9 107.4 | 50.0 157.4 | 97.4 
10 | 171.3 0.0 171.3 154.6 
| 2684 0.0 153.1 138.6 
12 162.8 0.0 162.8 | 144.0 
13 102.1 100.0 | 202.1 94.2 
14 100.0 100.0 | 200.0 | 968 
15 100.3 | 100.0 | 200.3 96.1 
16 197.2 | 200.0 | 397.2 179.9 
17 | 203.0 | 200.0 | 403.0 | 183.3 
18 202.8 | 200.0 | 4028 | 180.9 


| | 


Statistical parameters: 


Grease Recovered* 


Oil | Crisco Criseo Total Total 
(%) | (mg) | (%)t (mg) (%)t 
_ | 149.9 | 99.7 152.1 101.3 

| 151.0 | 100.7 153.8 | 103.2 
_ 150.2 | 100.2 152.7 | 101.6 
90.2 102.6 | 102.6 142.5 98.7 
86.9 104.4 | 104.4 164.8 97.2 
93.9 100.4 100.4 149.1 98.2 
92.5 52.7 | 105.6 141.5 97.0 
92.8 53.2 | 106.3 144.8 97.3 
90.6 55.8 | 1116 | 153.2 97.3 
90.2 14.4 — 169.0 98.7 
90.3 | — 150.0 98.0 
88.4 13.3 | - 157.3 96.8 
921 | 1045 | 1045 | 198.7 | 983 
96.8 105.2 | 105.2 | 202.0 | 101.0 


96.0 | 101.9 | 101.9 | 1980 | 98.7 
91.2 | 209.2 | 104.6 | 389.1 97.7 
91.3 | 2102 | 105.1 | 393.5 | 97.6 
89.0 | 2118 | 105.9 | 3927 | 97.7 


| 98.7 


Std. dev., o (oil) = 2.68 mg (2.93%); range, R (oil) = 9.9%. 
Std. dev., « (Crisco) = 3.11 mg (2.96%); range, R (Crisco) = 11.9%. 
Std. dev., o (tot. grease) = 1.84 mg (1.86%); range, R (Crisco) = 6.4°;. 


+ Grease recovered 
X 160. 
Grease added 


ether was the solvent. This does not 
necessarily mean that better precision 
is obtained with n-hexane, but it at 
least illustrates that the substitution 
of n-hexane for petroleum ether can be 
made without decreasing precision. 
The values obtained for the standard 
deviations in the separation of the 
total grease into fatty matter and hy- 
droearbon portions are also quite low, 
indicating that good reproducibility 
can be secured by the adsorption tech- 
nique. Table II also shows that the 95 
per cent confidence limits are low in 
both cases and are comparable to the 
95 per cent confidence limits in the 
original work. 

In the second part of the investiga- 
tion, 18 samples were prepared by 
adding known amounts of Crisco and 
SAE 20 oil to 1-liter portions of dis- 
tilled water, to determine the accuracy 
of the Soxhlet extraction method using 


n-hexane as the solvent and the alum- 
ina adsorption technique. For total 
grease, the values for per cent recovery 
range from 96.8 to 103.2, with an aver- 
age of 98.7. In their work with the 
Soxhlet procedure using petroleum 
ether, Gilereas et al. (2) obtained an 
average per cent recovery of 98.2 with 
a range of 6.0. The similarity between 
the results when n-hexane is used and 
when petroleum ether is used indicates 
that interchange of the two solvents 
does not affect the accuracy of the 
method. 

Table III also shows that the aver- 
age per cent recovery of oil is only 
91.5. Since oil is a mixture of many 
compounds, this is not surprising. 
The United States Bureau of Stand- 
ards states that lubricating oils con- 
tain from 18 to 26 per cent straight 
and branched chain paraffins, 43 to 51 
per cent alkylated napthenes (1, 2, 
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and 3 rings), 23 per cent aromatic hy- 
drocarbons (2, 3, and 4 rings), and 8 
per cent asphaltic substances largely 
aromatic (4). They state as well that 
the fluorescence of oil is due to the 
aromatic constituents. Neuworth (5) 
separated the products of the hydro- 
genation of coal into three main 
groups by adsorption on alumina. 
The least adsorbed were the paraffins, 
napthalenes, and aromatie hydrocar- 
bons of low molecular weight. The 
second group consisted of aromatic hy- 
drocarbons containing three or more 
rings, and the most easily adsurbed 
were the sulfur, oxygen, and nitrogen 
compounds. While this has little bear- 
ing on this study, it does illustrate the 
variation in alumina adsorbability of 
the different constituents of lubricating 
oil and leads to the conclusion that 
some of the constituents are not eluted 
by n-hexane. This is further substan- 
tiated by the fact that much of the 
fluorescence of the oil and all of the 
color are removed by the column. 
After the passage of oil through the 
column, the column also exhibits two 
fluorescent bands as well as one visible 
band. 

Since the adsorbed portion could 
not readily be eluted from the column, 
the values for fatty matter as shown in 
Table III were calculated as the dif- 
ference between the values for total 
grease and the hydrocarbon portion. 
Therefore, the per cent recoveries, 
when based upon the amount of Crisco 
added, are all high. Since it is di- 
rectly dependent upon the precision of 
the values obtained for total grease 
and the hydrocarbon portion, precision 
is correspondingly good. 


Discussion 


Before any interpretation can be 
made of the results obtained by the 
methods described, a clear understand- 
ing of what they determine is neces- 
sary. Also, suitable terminology must 
be applied to make the results mean- 
ingful to the analyst. 
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The Soxhlet extraction method will 
determine hydrocarbon-soluble ma- 
terial of low volatility, including fatty 
acids of animal and vegetable origin 
and their esters, as well as hydrocar- 
bons mainly of petroleum origin. The 
method does not determine the volatile 
paraffins of Cg or lower, the cyclo- 
paraftins of Cg or lower, the aromatic 
hydrocarbon, benzene, or many of the 
hydrocarbon derivatives of chlorine, 
sulfur, or nitrogen. Most of the hy- 
drocarbons not determined by the 
method are lost because of their high 
volatility in the drying of the thimble, 
the distillation of the solvent, and the 
drying of the flask and extracted ma- 
terial. However, these highly volatile 
compounds would be lost rapidly to 
the atmosphere in a treatment plant or 
a stream and would have little sani- 
tary significance except perhaps in 
cases of ground water pollution. 

The separation procedure divides 
the extract from the Soxhlet extrac- 
tion method into an alumina-adsorbed 
portion and a portion not adsorbed 
by alumina. This separation is 
brought about, for the most part, by 
the polarity or lack of polarity of 
the constituents of the extracted 
material. It would not be correct to 
say that the separation isolates all 
of the nonpolar from the polar ma- 
terial, mainly because adsorption or 
nonadsorption of a substance depends 
to some extent upon the degree of 
polarity rather than upon its pres- 
ence or complete absence. Therefore, 
the unadsorbed portion of the ex- 
tracted material may contain some 
compounds that are polar, but to a 
lesser extent than the adsorbed ma- 
terial. However, the unadsorbed por- 
tion is composed primarily of the non- 
polar or slightly polar hydrocarbons 


while the adsorbed portion contains, 
for the most part, fatty acids and their 
esters as well as some of the more polar 


hydrocarbons such as complex aro- 
matic compounds and the hydrocarbon 
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derivatives of chlorine, sulfur, and ni- 
trogen. 

In the Soxhlet extraction method, 
the material determined is called 
grease. The separation procedure then 
separates the grease into two portions. 
This technique was developed to dis- 
tinguish between products of petro- 
leum and nonpetroleum origin in the 
grease. The results of the accuracy 
study (Table III) indicate that an 
average of only 91.5 per cent of the 
oil added was recovered. The average 
per cent recovery of the Soxhlet ex- 
traction method is 98.7. Therefore, it 
is assumed that 1.3 per cent of the oil 
was lost in the initial extraction and 
that an average of 7.2 per cent of the 
oil was adsorbed by the column. This 
is illustrated by Figure 1. The curve 
for fatty matter recovery has a slope 
of 0.075. The value for the slope must 
represent polar material contributed 
by the oil. This accounts for the slope 
of the curve representing the hydro- 
carbon fraction being only 0.913 as 
compared with 0.972 for the slope of 
the eurve for grease. This being the 
ease, it would not be completely cor- 
rect to call the material recovered oil 
or petroleum unless a correction factor 
were used. Since it is not certain 
that the same percentage of all oils is 
adsorbed by alumina, the use of a cor- 
rection factor does not seem advisable. 
Perhaps the most accurate way to de- 
fine the two components of grease 
would be as an alumina-adsorbed por- 
tion and an alumina-unadsorbed por- 
tion. These terms convey little mean- 
ing by themselves. Petroleum consists 
in the main of hydrocarbons associated 
with small portions of asphalt and 
compounds containing oxygen, nitro- 
gen, and sulfur. Most of the hydro- 
carbons are recovered in the eluate 
after passage of the extract through 
an alumina column. The asphalt as 
well as the compounds of nitrogen, 
chlorine, and sulfur are adsorbed by 
the column. 
propriate term for the material re- 


Therefore, the most ap- 
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covered after the separation is ‘‘hy- 
drocarbon.’’ It should be kept in 
mind that these hydrocarbons are 
mostly of petroleum origin. 

The adsorbed portions are composed 
mainly of fatty acids and esters as well 
as any asphaltic material and nitrogen, 
chlorine, and sulfur derivatives of hy- 
drocarbons that may be present in the 
extract. Again, selection of a term is 
necessary to describe, if not all, at 
least the larger share of those ma- 
terials adsorbed. Table III shows that 
the average per cent recovery for the 
adsorbed portion is 103.9. This value 
indicates that a portion of the added 
petroleum is adsorbed. However, 
since the major portion of the ad- 
sorbed material is composed of fatty 
acids and esters, the most appropriate 
term for the adsorbed portion is 
‘‘fatty matter.’’ Therefore, the word 
‘‘orease’’ describes that material re- 
covered in the Soxhlet extraction 
method and the terms ‘‘hydrocarbon”’ 
and ‘‘fatty matter’’ describe the 


‘eluted portion and the adsorbed por- 


tion, respectively, in the alumina-ad- 
sorption technique. 


Summary 


An investigation of the Soxhlet ex- 
traction method for the determination 


- of grease in sewage was conducted to 


determine the effect on precision and 
accuracy of the substitution of n- 
hexane for petroleum ether as the sol- 
vent. This substitution would permit 
the reclamation and reuse of the sol- 
vent. Comparison of the two solvents 
was made by determining the grease 
content of duplicate sets of sewage 
samples to which oil had been added. 
A standard grease composed of Crisco 
and Shell SAE 20 was used to deter- 
mine the accuracy and precision of 
the method using n-hexane as the sol- 
vent. These values compared favor- 
ably with the values obtained in the 
earlier study (2) in which petroleum 
ether was the solvent. 

In the original work (2), no infor- 
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mation was secured on the precision 
and accuracy of the method for the 
examination of samples containing 
moderate to high amounts of petro- 
leum products. For this reason, pe- 
troleum oil was added to the majority 
of the sewage samples analyzed in this 
investigation as well as to the standard 
grease used in the precision and ac- 
curacy determinations. The _ results 
indicate that the precision and ac- 
curacy of the method are independent 
of the amount of oil present in the 
samples. 

One hundred and fifty milligrams of 
total grease was previously found to 
be the limiting quantity that could be 
accurately and determined 
by the Soxhlet extraction procedure. 
During the course of the present in- 
vestigation, information obtained indi- 
cated that this limiting value might be 
too low. Consequently, tests were 
made to determine the validity of this 
limiting The results indicate 
that as much as 650 mg of grease can 
be present in the samples without de- 
creasing the precision or accuracy of 
the method. 

Three possible methods were investi 
vated in an attempt to develop a pro- 
cedure that would enable the analyst 
to distinguish quantitatively between 
petroleum products and fatty matter 
The method finally selected 
utilizes a chromatographic separation 
of polar and nonpolar constituents. 
This was possible as oil is composed 
primarily of nonpolar hydrocarbons, 
while fats are all highly polar. The 
method meets all three criteria listed 
earlier: an elapsed time, in addition 
to the time required to complete the 
total determination, of only 
one and a half hours, and a personnel 


precisely 


value. 


in grease. 


vrease 


time of a half hour; it has a satisfac- 
tory precision and accuracy; and spe- 
cialized equipment or techniques are 
not needed. 


Conclusions 


1. A standard deviation of 1.84 mg 
and an accuracy of 98.7 per cent were 
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the standard Soxhlet 
method using n-hexane as the solvent, 
based on the examination of 18 sam- 
ples containing a combined weight of 
from 150 to 400 mg of Crisco and SAE 
20 oil. These values compare favor- 
ably with those reported by Gilcreas 
et al. (2). In that study petroleum 
ether was used as a solvent and on the 
basis of a 100-mg sample of standard 
grease a standard deviation of 1.55 mg 
and a recovery of 98.2 per cent were 
obtained. 

2. Normal hexane can replace petro- 
leum ether as the solvent in the Soxhlet 
extraction method with no significant 
loss in aceuraey or precision. 

3. The precision of the method is 
unaffected by the presence of 400 mg 
of petroleum oil in the samples ex- 
amined. The previously set limit of 
150 mg of total grease that could be 
accurately and precisely determined 
by the method is increased to 650 mg. 

4. The alumina adsorption  tech- 
nique for the quantitative determina- 
tion of hydrocarbons in grease has a 
standard deviation of 2.68 mg for 18 
samples containing from 44.3 to 203.0 
mg of oil with a cent recovery 
of 91.5. The low per cent recovery is 
caused by the more polar components 
of the oil being adsorbed by the 
alumina. For this ‘*hydro- 
carbon’’ is a better term to deseribe 
the material recovered by this pro- 
cedure. 

5. The value for the amount of fatty 
matter present in the total grease is 
determined as the difference in weights 
of total grease and hydrocarbons. For 
the fatty matter determination a 
standard deviation of 3.11 mg was ob- 
tained for 18 samples containing from 
50 to 200 mg of Crisco with an aver- 
age per cent recovery of 103.9. The 
high per cent recovery was caused by 
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the term ‘‘fatty matter’’ best describes 
the material measured by the proce- 
dure. 


Determination of Grease by the 
Soxhlet Extraction Method 
Using n-Hexane 


~ 


. Apparatus and Reagents 


Extraction apparatus, Soxhlet. 

Vacuum pump or other source of 
vacuum. 

Buchner funnel, 12 cm. 

Hydrochloric acid, concentrated. 

n-hexane, B.P. 69°C. 

Filter paper, Whatman No. 40, 11 
em. 

Muslin cloth dises, 11 cm. 

Filter aid suspension, 10 g Hyflo 
Super-Cel (Johns-Manville or 
equal) per liter distilled water. 


2». Procedure 


Collect a one-liter volume of sewage 
in a wide-mouth bottle marked at the 
one-liter volume. Acidify to pH 1.0. 
Generally, 3 ml of concentrated HCl is 
sufficient. 

Prepare a filter consisting of a 
muslin cloth dise overlaid with filter 
paper. Wet the paper and muslin and 
press down the edges of the paper. 
Filter with vacuum 100 ml filter aid 
suspension through the prepared filter 
and wash with 1 liter of distilled wa- 
ter. Apply vacuum until no more 
water passes the filter. 

Filter the acidified sample through 
the prepared filter. Apply vacuum 
until no more water passes the filter. 

Remove the filter paper to a watch 
glass by means of foreeps. Add the 
material adhering to the edges of the 
muslin cloth dise. Wipe the sides and 
bottom of the collecting vessel, the 
stirring rod, and the Buchner funnel 
with bits of filter paper soaked in 
n-hexane, taking care to remove all 
films due to grease and to collect all 
solid material. Add the bits of filter 
paper to the filter paper on the watch 
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glass. Roll the filter paper and bits 
of filter paper and fit them in a paper 
extraction thimble. Add any remain- 
ing bits of material adhering to the 
watch glass. Wipe the watch glass 
with a bit of filter paper soaked in 
n-hexane and place in paper extrac- 
tion thimble. 

Dry the thimble with the filter paper 
in a hot air oven at 103°C for 30 min. 
Fill the thimble with small glass beads. 
Weigh extraction flask and extract 
grease in a Soxhlet apparatus using 
n-hexane at a rate of 20 cycles per hr 
for 4 hr. Time from first cycle. 

Distill the solvent from the extrac- 
tion flask in a water bath at 85°C. 
Dry by placing flask on a steam bath 
and draw air through the flask by 
means of vacuum applied for 15 min. 

Cool in desiccator 30 min and weigh. 


3. Calculation 


mg/liter total grease = 


mg increase in weight of flask X 1,000 


ml of sample 


4. Precision and Accuracy 


Using synthetic samples containing 
various amounts of Crisco and Shell 
SAE 20 oil, an average per cent re- 
covery of 98.7 was obtained with a 
standard deviation of 1.86 per cent. 
Ten replicates of each of two sewages 
yielded standard deviations of 0.76 mg 
and 0.48 mg, respectively. 


Method for Determining Hydrocar- 
bon and Fatty Matter Content 
of Grease 


1. General Discussion 


Grease is defined as that material 
which is extracted from an acidified 
sample of sewage by n-hexane, B.P. 
69°C. This grease contains hydroecar- 
bon-soluble material of low volatility, 
including fatty acids and esters of 
animal and vegetable origin, as well as 
hydrocarbons mainly of petroleum ori- 
gin. 
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Activated alumina has the ability to 
adsorb polar materials. Therefore, 
when a solution of grease dissolved in 
n-hexane is passed through a column 
of activated alumina, the grease is ad- 
sorbed on the surface of the alumina. 
Further passage of pure solvent 
through the column elutes the non- 
polar material that has been retained 
on the column. Since petroleum is 
composed chiefly of nonpolar hydro- 
carbons, and fatty acids and esters are 
highly polar, this procedure effects a 
separation of these two components. 
The hydrocarbons and fatty matter 
are expressed as per cent of the total 


grease. 


Apparatus and Reagents 


Extraction apparatus. 

Vacuum pump or other source of 
vacuum. 

Buchner funnel, 12 em. 

Glass tubing, l-em ID. 

Hydrochloric acid, concentrated. 

n-Hexane, B.P. 69°C. 

Filter paper, Whatman No. 40, 11 
em. 

Muslin cloth discs, 11 em. 

Filter aid suspension, 10 g Hyflo 
Super-Cel (Johns-Manville or 
equal) per liter distilled water. 

Adsorption alumina, 80-200 mesh. 


Preparation of Adsorption Column 


Draw out over a flame one end of a 
piece of glass tubing 1 em ID by 30 
em to an opening of 1 mm diameter. 
Pack drawn end of tube with glass 
wool to a depth of 4 em. Fill tube 
with adsorption alumina to an over-all 
height of 16 em (12 em of alumina). 
Place small plug of glass wool in col- 
umn on surface of alumina. The 
alumina in the column is capable of 
adsorbing about 700 mg of polar ma- 
terial and should be repacked with 
fresh alumina before this limit has 
reached. Used alumina may be 
reactivated by ignition for 5 hr at 
600°C in a muffle furnace. 


been 
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i. Procedure 


Dissolve in 10 ml of n-hexane the 
grease in flask after completion of the 
Soxhlet extraction procedure and pass 
through the adsorption column. Col- 
lect solvent in a tared flask. 

Elute the nonpolar material in the 
column with seven 10-ml portions of 
n-hexane and collect the eluate in the 
tared flask. Add each successive por- 
tion of n-hexane when the level of the 
preceding portion reaches the top of 
the alumina in the column. 

Distill n-hexane from the flask in a 
water bath at 85°C. Dry by placing 
flask on a steam bath and draw air 
through the flask by means of vacuum 
applied for 15 min. 

Cool flask in desiccator 30 min and 
weigh. 


>. Calculations 


Per cent hydrocarbons = 


mg increase in weight of flask x 100 


mg of total grease 


Per cent fatty matter = 100 
— per cent of hydrocarbons 


6. Precision and Accuracy 


For the hydrocarbon determination 
in synthetic samples containing known 
amounts of Crisco and SAE 20 motor 
oil, an average of only 91.5 per cent 
of the oil was recovered for 18 samples 
examined with a standard deviation 
of 2.68. The low per cent recovery is 
caused by the presence of polar nonhy- 
drocarbon material in the oil. Ten 
replicates each of two sewages yielded 
standard deviations of 0.26 and 1.06, 
respectively. 

For the determination of the fatty 
matter content of the grease, the analy- 
sis of 18 samples showed an average 
recovery of 103.9 with a 
standard deviation of 3.11. The high 
results are related to the presence of 
polar material in the oil added. Ten 
replicates each of two sewages yielded 
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standard deviations of 0.81 and 1.23, 
respectively. 


Method for Determining Grease 
in Sludge 
Grease is defined as that material 
which is extracted from an acidified 
sample by n-hexane, B.P. 69°C. 


1. Reagents 


Magnesium sulfate monohydrate 
(MgSO,-H.O) prepared by dry- 
ing overnight a thin layer of 
MgS0O,-7H_0 in an oven at 103°C. 

n-Hexane, B.P. 69°C. 


Grease-free cotton (nonabsorbent 
cotton after extraction with n- 
hexane). 

2. Procedure 

In a 150-ml beaker weigh a sample 
of wet sludge, 20 g+0.5 g, of which 
the dry solid content is known. Acid- 
ify to pH 2.0. Generally 0.3 ml con- 
centrated HCl is sufficient. Add 25 ¢g 
magnesium sulfate monohydrate. Stir 
to a smooth paste and spread on the 
sides of the beaker to facilitate subse- 
quent removal. Allow to stand until 
solidified, 15 to 30 min. Remove the 
solids and grind in a porcelain mortar. 
Add the powder to a paper extraction 
thimble. Wipe the beaker and mortar 


GREASE DETERMINATION 19 


with small pieces of filter paper 
moistened with n-hexane and add to 
thimble. Fill the thimble with small 
glass beads. Extract in a Soxhlet ap- 
paratus using n-hexane at a rate of 20 
cycles per hour for 4 hr. 

If any turbidity or suspended mat- 
ter is present in the extraction flask, 
remove by filtering through grease- 
free cotton into another weighed flask. 
Rinse flask and cotton with n-hexane. 
Distill n-hexane from extraction flask 
in water at 85°C. Dry by placing on 
steam bath and drawing air through 
flask with vacuum for 15 min. 

Cool in desiccator 30 min and weigh. 


3. Calculations 


Grease as per cent of dry solids = 


gain in wt. of flask in grams X 100 


wt. of wet sample X per cent dry solids 


Method for Determining Hydrocar- 
bon and Fatty Matter Content 
of Grease in Sludge 


The hydrocarbon and fatty matter 
content of grease in sludge is deter- 
mined in the same manner as the de- 
termination of the hydrocarbon con- 
tent of grease in sewage. 

Results are expressed as per cent of 
the total grease in the sludge. 
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OXYGEN DEMAND OF DIGESTED SLUDGE LIQUOR 


By Epaar A. JEFFREY AND PHiuip F. Morgan 


Respectively, Research Associate and Professor of Sanitary Engineering, 
State University of Iowa, Iowa City, Iowa 


Sanitary engineers have long under- 
stood that biological oxidation of or- 
ganic material exerts a nitrogenous 
oxygen demand in addition to the ear- 
demand (1). In many 
wastes this secondary demand is rela- 
tively small and often ignored. How- 
ever, in effluents from anaerobic proc 


bonaceous 


esses this secondary demand may be 
and 
affect oxygenation studies in receiving 
This study shows that the 
nitrification demand of the liquor from 
digested sludge can be most important 
and that it results from the oxidation 
of ammonia and nitrite compounds. 


exceedingly large appreciably 


waters. 


While carrying on a sludge lagoon 
investigation at the State University 


of Iowa, BOD determinations were 
inade on the discharge from a labora- 
tory lagoon loaded with digested 
sludge from heated digesters of the 
lowa City and Cedar Rapids sewage 


The sludge in the 
lagoons, applied in layers 


treatment plants 
laboratory 
of time, was supported 
on a 6-in sand. The dis- 
charge, after filtering through the sand 
and the previously deposited sludge. 
was a clear dark amber solution with 
a COD of 300 to 400 ppm. 


over a period 


laver of 


BOD Results 
Standard Dilution Method 


BOD of the 
determined ae 


Initially the 


discharge 


5 day 
lagoon was 
cording to procedures deseribed in 
“Standard Methods’’ (2). 


was seeded with effluent from the pri 


The waste 


mary settling tank of the Iowa City 


sewage treatment plant. The results 


of a series of 5-day BOD determina- 
tions are shown below: 


Date of Sample 5-Day BOD 


957) ppm) 
July 26 36 
Aug. 16 66 
Sept. 7 25 
Sept. 29 6 
These results seemed low in com- 


parison with the anticipated demand so 
it was decided to determine the BOD 
over a period longer than 5 days to 
see whether there was a lag phase in 
the carbonaceous demand and to study 
the effect of nitrification. 


Jug Method 


A dilution method which Orford et 
al, (3) have referred to as the jug dilu- 
tion method was used as the most prac- 
tical means of measuring the high oxy- 
zen demands over an extended period 
The details of the procedure 
were the same as those proposed by 
Morgan (4) except that for this study 
the lagoon discharge was initially 
seeded and was diluted with about 35 
standard BOD dilution 
Additional dilutions were made 
during the runs as necessary to main- 
tain an adequate quantity for sam- 
pling from the jug. The oxygen de- 
mands reported are the gross demands 
of the seeded discharge liquor less the 


of time. 


volumes of 
water. 


demands of the seed. 


The oxygen demand curve, shown 
in Figure 1, was determined four 
months after the laboratory lagoons 


were initially loaded with sludge. The 
discharge from the lagoons had a high 
concentration of ammonia (700 ppm) 
but no nitrites or nitrates. A nitrogen 
analysis was not made on the settled 


As 
| 
Aer 
4 
\ 
| 
| 
| 
| 
| 
bes 
} 
_ 
20 


Vol. 31, No. 1 
primary effluent that was used as seed, 
so no quantitative balance can be made 
on the amount of nitrogen oxidized. 
Nevertheless, the curve shows quite 
dramatically the very rapid increase 
in oxygen demand once nitrification 
starts, and the relative magnitude of 
the nitrification demand compared to 
the 5-day BOD. 

The answer to the question of 
whether or not there is more biologi- 
cally unstable carbonaceous material 
than was indicated by the initial 5-day 
BOD’s is suggested by the results 
shown in Figure 1. During the first 
10 days the carbonaceous BOD is in 
the order of 30 ppm which is similar 
to the 5-day BOD’s determined by 
the standard dilution technique. After 
10 days, the rapid rise in demand can 
be attributed almost exclusively to 
nitrogenous material. 

Nitrogen balances were made on the 
next three BOD determinations on the 
lagoon discharge. The experimental 
oxygen demand curves are shown in 
Figure 2. These results were obtained 
several months after the first run and 
under somewhat different conditions. 
During these intervening months the 
drains from the laboratory lagoons had 
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FIGURE 1.—Oxygen demand of sludge 
lagoon discharge seeded with settled 
sewage. 
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FIGURE 2.—Oxygen demand of sludge 
lagoon discharge seeded with trickling filter 
effluent. 


become seeded with nitrifiers, so ni- 
trites and nitrates were present in the 
lagoon discharge. Also, instead of 
primary tank effluent being used as 
seed, final trickling filter effluent, 
which contained nitrites and nitrates, 
was used. The final effluent was used 
in the hope of reducing the long lag 
phase before nitrification starts. The 
earlier rise in the oxygen demand 
curves in Figure 2, compared with 
Figure 1, indicates that such a redue- 
tion was accomplished. 


Nitrogenous Oxygen Demand 


Ammonia, nitrite, nitrate, and or- 
ganic nitrogen analyses were made on 
the seed and the lagoon discharge. No 
organic nitrogen was detected in the 
plant effluent or the lagoon discharge. 
The percentage of nitrogen accounted 
for varied from 98 to 104 per cent of 
the original nitrogen content. Only 
the nitrogen attributable to the lagoon 
discharge was used in computing the 
nitrogenous oxygen demand. The com- 
putation of the oxygen required in the 
oxidation of the ammonia and nitrites 
is based on the chemical reactions (1) : 

NH; + 1.5 O2 = HNO2 + H2O 
NH; +202 = HNO; + H2O 
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TABLE I.—Comparison of Actual BOD and 
Computed Nitrogenous Oxygen Demand 


Nitrogen Change 


During Incubation | Computed 


Experimental Nitrogenous 
BOD 


Run 
NH; NO: (ppm) 

ppm) (ppm) 
2 2,220 —481 | —38.9 2,240 
3 1,950 —420 | —72.2 2,000 
} 2,360 — 502 —77.8 2,380 


* As nitrogen. 


One part of NH; — N requires 3.43 
parts of O, to oxidize it to nitrite, and 
4.57 parts of O, to oxidize it to nitrate. 

The comparison of the experimental 
BOD and the theoretical oxygen de- 
mand of the nitrogenous material is 
in Table I. 

The computed nitrogenous oxygen 
demand is within 2.5 per cent of the 
experimental BOD. This discrepancy 
is Similar to that in the nitrogen bal- 
ance and indicates that all but a negli- 
gible amount of oxygen demand was 
used in nitrification. 

The experimental points deviated 
from the smooth curves in Figure 2 
time an additional dilution was 
made. This is most noticeable in Run 
4, where dilutions were made on the 
10th and 17th days. Smaller devia- 
tions in Runs 2 and 3 follow dilutions 
made on the 11th and 14th days in 
Run 2 and on the 10th day in Run 3 
These dilutions momentarily reduce 
the rate of oxygen demand, but over a 
period of several days the rate gradu- 
ally returns to the original value. 
These deviations have no effect on the 


shown 


each 
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total amount of oxygen used or the 
validity of the nitrogen balance. 


Discussion and Summary 


1. Clear liquor drained from di- 
gested sewage sludge may have 20-to 
40-day oxygen demands of over 2,000 
ppm. Over 98 per cent of the demand 
is exerted by the ammonia and nitrite 
nitrogen as it is oxidized to the nitrate 
form. The carbonaceous demand is 
negligible. 

2. The length of the lag period be- 
fore nitrification starts may be depend- 
ent upon the method of seeding. For 
the waste seeded with primary plant 
effluent there was an initial lag of 10 
days in one study. For the waste 
seeded with secondary plant effluent, 
and possibly seeded at its source, the 
lag is reduced to less than 5 days. The 
sample seeded with primary effluent 
may be considered similar to condi- 
tions in a river where the diluting 
water is flowing by. The sample 
seeded with plant effluent may be con- 
sidered similar to conditions where 
the digester is discharged to a lake 
from which there would be continual 
reseeding. 

3. The 5-day BOD determinations 
may be meaningless if used to evalu- 
ate the oxygen demand of liquor from 
the anaerobie digestion process. 
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SURVIVAL OF SALMONELLA TYPHOSA DURING 
ANAEROBIC DIGESTION * 


Il. THE MECHANISM OF SURVIVAL 


By Haroutp E. Lanaiey,t Ross E. McKInNey, AND HenRY CAMPBELL 


Research Assistant, Assistant Professor of Sanitary Engineering, and Research Assistant, 
Massachusetts Institute of Technology, Cambridge, Massachusetts 


The possibility of increased survival 
of pathogenic bacteria in short reten- 
tion period digesters has been one of 
the major reasons for the slow accept- 
ance of the high-rate digestion process 
for stabilization of sewage sludges. In 
preliminary studies (1) it was shown 
that S. typhosa and related enteric 
bacteria experienced a rapid die-off 
when a large quantity of these organ- 
isms was added to digesters with re- 
tention periods varying between 6 and 
20 days. S. typhosa also experienced 
a rapid daily die-off, showing no tend- 
ency for a build-up in the number 
surviving after 24 hours’ retention, 
when a continuous daily inoculation 
of a large number of these organisms 
was carried out over a long period of 
time into digesters of 6 and 20 days’ 
retention. 

The inability of S. typhosa to adapt 
itself for survival indicated that en- 
vironmental or biological conditions in 
anaerobie digesters were unfavorable 
for the typhoid organism. The major 
factors which could influence bacterial 
growth and survival during anaerobic 
digestion were: 


Oxidation-reduction potential. 
Available nutrients. 

Nature of gases. 

Presence of antibiotic substances. 
Presence of bacteriophages. 


* Presented at the Spring Meeting of the 
New England Sewage and Industrial Wastes 
Assn.; Gardner, Mass.; June 4-5, 1958. 

t Present position: Sanitary Engineer, A. 
Little, Ine., Cambridge, Mass. 

Present position: Department 
Engineering, University of Rhode 
Kingston, R. I. 
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6. Bacterial 
species. 


competition between 


The purpose of this paper is to show 
the effects of these environmental and 
biological influences on the growth of 
S. typhosa and to present the mecha- 
nism involved in the survival of this 
bacterium in anaerobic digesters. 


Study Procedures 
Oxidation-Reduction Potential 


The oxidation-reduction potential 
(ORP) of a system is a measure of the 
relative amounts of material present 
in the oxidized and reduced states and 
is determined largely by the metabolic 
activity of the organisms present in 
the biological system. In order to re- 
late ORP and the survival of S. 
typhosa the organisms were grown in 
nutrient broth for 48 hr at 37°C. The 
emf measured between a platinum elec- 
trode submerged in the broth culture 
and a saturated calomel reference elec- 
trode was 400 mv which corresponded 
to a reducing potential of — 154 mv 
when corrected to the hydrogen scale. 
This indicated that the typhoid bac- 
teria could grow well at the low ORP 
levels of digesters. 


Available Nutrients 


The survival of 8. typhosa and other 
enteric bacteria in anaerobic digesters 
depends on their ability to utilize the 
nutrient material present for growth 
and energy supply. Growth studies 
were carried out in sterile sludge with 
pure cultures of S. typhosa, A. aero- 
genes, and E. coli to determine if they 
could utilize sludge as a source of food. 
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ORGANISMS PER MILLILITER 


|. S. typhoso 
2.A. aerogenes 
3.E coli 
9) o 8 12 16 20 24 28 32 


DAYS 


FIGURE 1.--Growth of pure cultures of 
Salmonella typhosa, Aerobacter aerogenes, and 
Escherichia coli in individual samples of 
sterile, buffered raw sludge. 


from the 
Plant, 
and homogenized in a 
Samples were buffered with 
and autoclaved at 
20 psi for 80 min. Pure culture inoc 
the three test 
were made into individual samples to 
provide an initial population of ap- 
proximately 10° bacteria per ml. Sam- 
stored at 37°C and the 
growth patterns were followed through 
daily plate counts using the analytical 
method previously deseribed 
Bismuth sulfite (BS) agar was used 
for typhoid counts, tryptone glucose 


Raw sludge obtained 
Nut Island Sewage Treatment 
Boston, Mass., 


Was 


blender. 
sodium carbonate 


ulations of organisms 


ples were 


extract (TGA) agar for A. aerogenes 
counts, and eosin methylene blue 
(EMB) agar for EF. coli counts. The 


results are shown in Figure 1. 

Each of the three enterie organisms 
flourished on sterile sludge with a 
rapid increase in population to a level 
of approximately 10*® bacteria per ml 
during the first day. Both A. aero- 
genes and E£. coli maintained popula- 
tion levels above 10° per ml throughout 
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the 30-day period of the run. WS. 
typhosa maintained a population level 
above 10° per ml through the first 20 
days, then decreased slowly to a level 
of 5x 10° per ml at the end of the 
run. This study showed that the three 
enteric organisms could readily utilize 
sludge as a food and could 
maintain high levels of population in 
pure culture. 


source 


Interrelationship Between Organisms 


Many different species of organisms 
are present in a digester and compete 
for the available food source. Studies 
were carried out with mixtures of pure 
cultures of 8S. typhosa with three bac- 
teria commonly found in_ sewage 
sludges, A. coli, and Ps. 
fluorescens, to determine the effects of 
the interrelationship of these organ- 
their growth in sludge. A 
pure culture of S. typhosa and one of 
each of the other test bacteria were 
inoculated into sterile, buffered sludge 


aerogenes, E. 


isms on 


to provide an initial population of ap- 


proximately 10° bacteria ml for 


per 
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FIGURE 2.—Growth of pure cultures of 
Salmonella typhosa and Aerobacter aerogenes 
in sterile, buffered raw sludge. 
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each of the two organisms in a sample. 
Daily counts were obtained to establish 
the growth patterns of the organisms 
and are shown in Figures 2 through 4. 

A. aerogenes and E. coli grew to and 
maintained populations at about the 
same levels found for them in pure 
culture while S. typhosa reached pop- 
ulation levels only around 5 X 10° 
per ml in these mixtures and declined 
to approximately 5 X 10° per ml by 
the end of the run. Ps. fluorescens 
grew and maintained a _ population 
level above 10° per ml throughout the 
run. 8S. typhosa attained a popula- 
tion in this mixture initially near the 
same level it had in pure culture, but 
this high initial population declined 
rapidly to a level of approximately 
6 xX 10° per ml by the 21st day and 
remained near this level for the re- 
mainder of the run. These results 
were indicative of bacterial competi- 
tion for specific food materials. 


Gaseous Anacrobic Atmosphere 


The anaerobic atmosphere in di- 
gesters is composed of several gases 


a, 
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FIGURE 3.—Growth of pure cultures of 
Salmonella typhosa and Escherichia coli in 
sterile, buffered raw sludge. 
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Ss. typhosa 
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DAYS 
FIGURE 4.—Growth of pure cultures of 
Salmonella typhosa and Pseudomonas fluores- 
cens in sterile, buffered raw sludge. 


which are not normally present in an 
aerobic atmosphere. It was postulated 
that methane gas might act as an en- 
zyme inhibitor in the case of S. 
typhosa. This postulate was based on 
the theory that enzymes were catalysts 
of the surface type similar to the 
metallic surface catalysts used in 
chemical reactions. Methane might be 
adsorbed on the enzyme surfaces in 
the same manner that other gases were 
adsorbed on the surfaces of metal 
catalysts, thereby preventing the de- 
sired reactions from taking place. 
Methane was considered as the only 
major component of digester gas that 
might act in this manner for carbon 
dioxide and hydrogen sulfide, as well, 
were known to be end products of the 
typhoid organism’s metabolism (2) 
(3). Growth studies with the test or- 
ganisms in sterile sludge similar to 
those described previously were carried 
out with two sets of samples. One set 
was maintained under a nitrogen at- 


mosphere and the other under a 
methane atmosphere. The data from 
these studies are too voluminous to 
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TABLE I.—Bacterial Growth in Sterile 
Sludge Under Various Atmospheres 


Population Level (bacteria per m1) 


Organism 


Nitrogen Methane Air 

Atmosphere Atmosphere | Atmosphere 
S. typhova 2.7 K 10 7.3 X10 2.1 * 105 
S. typhosa 108 7.5 105 5.0 108 
4. aerogenes 1.1 X 108 1.3 105 3.8 < 108 
S. typhosa 1.3 10° $5 & 108 9.0 10° 
E. coli 1.3 105 2.3 X 108 3.0 
S. typhosa 7.8 X 108 1.0 X 10 6.0 X 10° 
Ps, fluorescens 7.0 108 2.1 X 10? 7.9 X 108 


present here, but the maximum popu- 
lation levels attained by the organisms 
under nitrogen and methane are com- 
pared to those attained under an 
aerobic atmosphere (Table I). 

The initial inoculums provided con- 
centrations between 10° and 10‘ bae- 
teria per ml for the organisms in the 
samples and these populations in- 
creased rapidly in 24 hr to near the 
maximum levels which were attained 
within the first three days. The pop- 
ulations in all samples declined slowly 
throughout the remainder of the run, 
indicating that a gaseous anaerobic 
environment suppressed the growth of 
the organisms only slightly. The data 
did not support the postulated enzyme 
inhibition by methane gas. 


Antibiotics and Bacteriophages 


Sewage contains much fecal matter 
which is a known source of bacterio- 
phages, and several facultative bac- 
teria are known to produce antibiotic 
substances which inhibit the growth of 
certain organisms. The presence of 
either of these antibacterial agents in 
sewage sludge could specifically limit 
the growth and survival of S. typhosa. 
Since heat destroys bacteriophages and 
could possibly alter any antibiotie sub- 
stances present, the effects of these 
antibacterial agents would not be ap- 
parent from the growth studies in 
sterile sludge. These antibacterial 
agents were non-filterable, however, so 
growth studies similar to those made 
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in sterile sludge were carried out in 
raw sludge supernatant liquor which 
had been passed through a_ bacterio- 
logical filter. Two sets of samples 
were used: (a) plain Seitz-filtered su- 
pernatant and (b) heat-sterilized Seitz- 
filtered supernatant. The initial inoce- 
ulum population of S. typhosa declined 
in both sets of samples. In mixtures, 
the other test organisms all grew and 
maintained population levels at or 
near the levels they had attained in 
sterile sewage sludge. The rapid die- 
off of S. typhosa in both sets of sam- 
ples could possibly have been due to 


antibiotic substances, bacteriophages, 
or the lack of food. 

Studies on the growth of S. typhosa 
alone were carried out in samples of 
raw sludge supernatant and primary 
digester supernatant which had been 
passed through a bacteriological filter 
and fortified with nutrient broth. As 
in the previous studies, one set of sam- 
ples was plain Seitz-filtered superna- 
tants and the other set was Seitz- 
filtered supernatants subjected to heat 
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FIGURE 5.—Growth of Salmonella ty- 
phosa under a methane atmosphere in ster- 
ile, resuspended raw sludge solids. 
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sterilization. S. typhosa grew and 
maintained population levels in all 
samples equal to the levels it had at- Tox 4 
tained in pure culture in nutrient 
broth. The results of the supernatant 10 il 
liquor studies showed that die-off of 
S. typhosa was not due to antibiotics Sic® a 
or bacteriophages and that the essen- 3 
tial food for this organism was not 
contained in the liquid phase of the 5 
sludge. 2 10° 
Bacterial Competition for Food 3 3 

The previous studies eliminated all 
of the environmental and_ biological i _ 
factors which could have caused the 
‘apid die-off of S. typhosa in anaerobic - ol 
digesters except bacterial competition 
for food. The existence of such a com- io 1. J 


petition was indicated in the sterile 
sludge studies. Since supernatant liq- 
uor studies showed that the food ma- 
terial in the liquid phase of sludge was 
not available to the typhoid organism, 
gerowth studies were made with sam- 
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FIGURE 6—Growth of Salmonella ty- 
phosa and Aerobacter aerogenes under a 
methane atmosphere in sterile, resuspended 
raw sludge solids. 


FIGURE 7.—Growth of Salmonella ty- 
phosa and Escherichia coli under a methane 
atmosphere in sterile, resuspended raw 
sludge solids. 


ples of sterile, resuspended sludge 
solids. The samples were prepared by 
filtering raw sludge, dehydrating the 
solids, and pulverizing them in a 
blender. The solids were resuspended 
in distilled water, sterilized, and inoc- 
ulated with the test organisms. The 
growth patterns were obtained by daily 
plate counts as in previous runs. Ex- 
amples of the results are shown in 
Figures 5 through 8 for replicate sam- 
ples. Other growth studies were made 
with varying inoculums of the test 
organisms to determine the effects of 
initial organism predominance. 

The data showed that the typhoid 
organism could not predominate in 
the presence of the other test bacteria 
even when it was initially at equi- 
librium population at the time a small 
inoculum of the other test organisms 
was made into the samples. The other 
organisms competed more successfully 
for the food in all instances. 
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FIGURE 8.—Growth of Salmonella ty- 
phosa and Pseudomonas fluorescens under a 
methane atmosphere in sterile, resuspended 
raw sludge solids. 


Determination of the Essential 
Metabolite 


The previous studies had all shown 
that S. typhosa was successful 
than the other test bacteria in com 
peting for the food material in sludge. 
The food in the liquid phase of sludge 
was available to the other test bacteria 
but not to S. typhosa. S. typhosa 
grew only when the solid phase of 
sludge was present. ‘Thus, it was ap- 
parent that there was an essential food 
element or metabolite in the solid 
phase of sludge which was required by 
the typhoid organisms for growth and 
survival. 


less 


Studies were made on vari- 
ous fractions of sludge solids in order 
to identify this essential material. 
Ether Extraction 

Samples of dried sludge solids were 
extracted with petroleum ether for 
5.5 hr. The petroleum ether was re- 
moved by evaporation and the residual 
material was taken up in tap water 
buffered at pH 7 with phosphate buf- 
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fer. The residual sludge solids were 
resuspended in distilled water. Both 
samples were sterilized and inoculated 
with S. typhosa. Growth patterns were 
established by plate counts and the 
results are shown in Figure 9. The 
data showed that the essential material 
was slightly soluble in petroleum ether, 
but the major portion remained in the 
ether-insoluble fraction. Therefore, the 
essential metabolite was not in the fat 
component of sludge. 


Acid and Basic Hydrolysis 


Resuspended sludge solids were hy- 
drolyzed by boiling under reflux for 
20 hr with 1:1 HCl for acid hydrolysis 
and with 6N NaOH for basic hydroly- 
sis. Residual solids were filtered off 
and dried. The filtrates were neu- 
tralized with 6N NaOH or 1:1 HCl 
and the solids produced during neu- 
tralization were removed by filtration 
and dried. The neutral filtrates were 
put into cellophane membranes and 
dialyzed for 20 hr with tap water to 


ORGANISMS PER MILLIUTER 


1. Ether Soluble 
2.Residual Solids 


6 2 4 16 
DAYS 


FIGURE 9.—Growth of Salmonella ty- 
phosa under a methane atmosphere in both 
fractions of ether-extracted raw sludge 
solids. 
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ACID HYDROLYSIS 
Solids & Soluble 
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ANeutral Solubie 
BASE HYDROLYSIS 
4Solids & Soluble 
5.Base Soluble 
6.Neutral Soluble 


ORGANISMS PER MILLILITER 


DAYS 


FIGURE 10.—Growth of Salmonella ty- 
phosa under a methane atmosphere in vari- 
ous fractions of acid and base hydrolyzed 
raw sludge solids. 


remove the salt produced during neu- 
tralization. The dialyzed filtrates 
were evaporated to dryness and then 
redissolved in distilled water buffered 
at pH 7 with phosphate buffer. Resid- 
ual solids were added to some samples 
to give both acid and base hydrolyzed 
samples containing all solids and solu- 
ble material, acid or base soluble ma- 
terial, and neutral soluble material. 
After sterilization, the samples were 
inoculated with S. typhosa to give an 
initial population of 3.4 x 10° bacteria 
per ml. Daily counts were made and 
the results are shown in Figure 10. 
The initial population of typhoid in 
the acid hydrolysates declined and 
died off, but those in the base hydrol- 
ysates increased rapidly to a level 
near 107 per ml and remained at or 
near this level throughout the run. 
The data showed that the essential ma- 
terial was destroyed by acid hydroly- 
sis. Basic hydrolysis did not destroy 
the essential material but hydrolyzed 
it from the complex matter in the 


sludge solids to a water-soluble com- 
pound. 


Chromatographic Analysis of 
Hydrolysates 


The neutral soluble fractions of both 
acid and base hydrolysates were ana- 
lyzed for their amino acid and carbo- 
hydrate contents. Paper chromatog- 
raphy was used and the procedures for 
this method of analysis have been ade- 
quately described (4). The results of 
the amino acid analysis of the hydrol- 
ysis products are presented in Table 
Il. The carbohydrate analyses showed 
glucose present in the acid hydrolysate 
and not in the base hydrolysate. These 
studies showed that the essential ma- 
terial was not a carbohydrate. Com- 
parison of the amino acids in both 
fractions pointed to tryptophan as 
being the probable key substance. 


TABLE II.—Amino Acid Analysis of 
Hydrolyzed Sludge Solids 


Acid Hydrolysate 


Base Hydrolysate 


alanine 
aspartic acid 
glutamic acid 
glysine 
leucine 

lysine 
norleucine 
norvaline 
ornithine 
phenylalanine 
serine 
threonine 
tryptophan 
valine 


alanine 
aspartic acid 
glutamic acid 
glysine 
leucine 

lysine 
methionine 
norleucine 
norvaline 
ornithine 
phenylalanine 
pre line 

serine 
threonine 
valine 


Acid Hydrolysates Fortificd with 
Tryptophan and Tyrosine 


Since acid hydrolysis destroyed the 
typhoid organism’s essential metabo- 
lite, growth studies were carried out 
in samples of acid hydrolyzed nutri- 
ent broth both with and without tryp- 
tophan and tyrosine supplementation. 
The tryptophan and tyrosine additions 


‘were made on the basis of that present 


in the original peptone of the nutrient 
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Piain 

2.With Tryptophan 
3.With Tyrosine 
4.With Tryp & Tyro 


FIGURE 11.—Growth of Salmonella ty- 
phosa under a methane atmosphere in acid 
hydrolyzed nutrient broth. 


broth. Tyrosine was included in the 
studies because a positive identification 
of this amino acid had not been pos- 
sible in either acid or basie sludge 
The results of 
these studies are shown in Figure 11. 

The data showed that, although SN. 
typhosa received some slight growth 


hy drolysis products. 


stimulation initially from tyrosine, a 
rapid increase to high population levels 
occurred only when tryptophan was 
present. Thus, there was no doubt 


that the amino acid tryptophan was 


the metabolite in sewage sludge essen- 
tial to the growth and survival of N. 
typhosa. 


Survival in 


Digesters Fortified with 
Tryptophan 

The final to determine the 
effect of added tryptophan on the sur- 
vival of S. typhosa in anaerobic di- 
gesters were carried out in the 20-day 
digester which has been previously de- 
scribed (1). The runs made 
with tryptophan and a large inoculum 
of typhoid added to the digester. Plate 


studies 


were 
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counts were obtained at 2-hr intervals 
over a 24-hr period. The die-off rates 
for S. typhosa were determined when 
the added tryptophan concentrations 
in the digesting sludge were 0, 100, 
and 1,000 mg/l (Table III). 


TABLE III.—S. Typhosa Die-Off Rates in 
Digesters with Varying Tryptophan 
Enrichment 


Added Tryptophan 
(mg/l1) 


Die-off Constant 


0 
100 
1,000 


These results showed that trypto- 
phan was essential to the survival of 
S. typhosa in anaerobic digesters. 
Several days after the test runs with 
tryptophan completed, there 
were no typhoid organisms found in 
the digester. Thus, when a lack of 
tryptophan available to the typhoid 
bacteria manifested itself, a 
in survival resulted. 


were 


decrease 


Discussion 

Sewage sludge is potentially an ade- 
quate source of food for typhoid bac- 
teria. Under ideal conditions where 
they are the only species present in the 
sludge, these organisms can grow and 
attain levels of population above 10° 
bacteria per ml. This concentration in 
sludge compares favorably with the 
concentrations of the organisms grown 
in a bacteriological medium, nutrient 
broth. Growth of S. typhosa, however, 
is limited when other common sewage 
bacteria are present due to the com- 
petition between the species for food 
materials in the sludge. 

The pathogen, being more fastidious 
in its diet, requires an essential metab- 
olite for growth—the amino acid, 
tryptophan. Tryptophan is an essen- 
tial component in the protein material 
of all bacterial protoplasm. Most or- 
ganisms are capable of synthesizing 
tryptophan from inorganic nitrogen 


sources and carbon compounds.  S. 
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typhosa is undoubtedly no exception, 
for it has been shown to synthesize 
tryptophan from various organic and 
inorganic nitrogen sources in analyti- 
cally detectable amounts (5) (6) (7) (8) 
(9)(10). In the ease of typhoid bac- 
teria, however, the amount of trypto- 
phan synthesized is inadequate for 
growth and the organisms must obtain 
this essential material from the sources 
available in the medium. 

In anaerobic digesters, many differ- 
ent species of organisms are present, 
but they can be put into two broad 
classifications: (a) the methane for- 
mers, a group of strict anaerobes, and 
(b) the acid formers, a group com- 
posed mainly of facultative bacteria. 
The growth and survival of facultative 
bacteria are essentially the same under 
both aerobie and anaerobie conditions. 
A portion of the organic material is 
utilized for synthesizing bacterial pro- 
toplasm and a portion is oxidized for 
energy. It is in the energy processes 
that the major difference between 
aerobic and anaerobie metabolism lies. 
Anaerobie processes are very wasteful 
of energy and, therefore, a bacterium 
must oxidize a relatively larger amount 
of organic matter to acquire the same 
amount of energy for metabolism 
under anaerobic conditions as it does 
under aerobic conditions. 

Under both aerobic and anaerobic 
conditions, bacterial oxidation is af- 
fected by hydroger transfer. The dif- 
ference between the two systems is 
in the material that acts as the hy- 
drogen acceptor. Under aerobie con- 
ditions, it is oxygen; while under an- 
aerobie conditions, it is organie ma- 
terial at a lower energy level than the 
material being oxidized. This process 
of hydrogen transfer from a material 
in a higher energy state to a material 
in a lower energy state provides a net 
yield of energy to the bacterial cell, 
but due to the limited amount of ma- 
terial in a digester that can act as the 
hydrogen acceptor, complete stabiliza- 
tion of organic matter under anaerobic 
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conditions is not possible. Thus, in 
anaerobic digesters, it is apparent that 
total organism populations will be 
lower than under aerobic conditions 
even though the relative BOD load- 
ings are higher. The bacteria exist in 
a state of starvation which intensifies 
with longer retention periods. 

S. typhosa belongs to the facultative 
group of bacteria and is unaffected by 
the normal conditions of pH, ORP, 
antibiotics, bacteriophages, or the gas- 
eous environment in digesters. Its 
survival does depend upon obtaining 
tryptophan from the sludge, however, 
and it is this requirement of a specific 
substance that is the key to S. typhosa’s 
limited survival in digesters. S. ty- 
phosa must obtain tryptophan for 
growth, but the other facultative bac- 
teria can synthesize this material and 
as they are at equilibrium population 
in digesting sludge, they utilize most 
of the organic matter, including tryp- 
tophan, for energy. It is not surpris- 
ing, therefore, that these other organ- 
isms are more successful in the over-all 
competition, removing available tryp- 
tophan and limiting the growth and 
survival of 8S. typhosa. 

The concentration of food in a di- 
gester increases with decreasing re- 
tention time. Sawyer and Roy (11) 
have shown that protein destruction 
is a function of retention time. De- 
struction of volatile matter at a 6-day 
detention period was 86 per cent of 
that occurring in a 20-day digester. 
This would indicate that the available 
tryptophan concentration in a digester 
should increase with decreasing reten- 
tion time providing for a greater sur- 
vival of S. typhosa. This is no cause 
for concern, however, because the in- 
ereased survival would be negligible 
as the present investigation has shown 
that extremely high concentrations of 
available tryptophan are required be- 
fore there is a significant change in the 
die-off rate of S. typhosa. Even in 
long retention period digesters some 
survival can occur. Thus, though the 
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number of typhoid bacteria surviving minor effect in the over-all survival of 
in short retention period digesters SNS. typhosa. 
could be higher, the difference in 5. Bacteriophages and _ antibiotic 
health hazard between sludges from substances in the sludge have no effect 
high-rate and low-rate digesters would on the survival of S. typhosa. 
be insignificant. 6. The failure of S. typhosa to sur- 
vive in anaerobic digesters appears to 
be caused by a limited food supply and 
Salmonella typhosa grows readily a predominance of other organisms 
culture media at ORP levels nor- which successfully compete against the 
found in anaerobic digesters. typhoid bacteria for food. 
Raw sewage sludge is a potenti- 7. The mechanism of survival of SN. 
ally adequate source of food for S.  typhosa in anaerobie sewage treatment 


Summary 


typhosa. processes depends on the organism’s 
3. A. aerogenes, E. coli, and Ps. ability to acquire the amino acid tryp- 

fluorescens compete with the typhoid  tophan which is essential to its growth 

organism for essential food in the and survival under these conditions. 

sludge and the former are more sue- 

cessful than the typhoid bacteria in Acknowledgment 


the competition. This investigation was supported by 

4. The gaseous anaerobic environ- a research grant from the National In- 
ment tends to suppress the growth of — stitutes of Health, U. S. Department 
all the organisms studied, but this isa of Health, Education, and Welfare. 
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BIOCHEMICAL OXIDATION OF SOME COMMERCIALLY 
IMPORTANT ORGANIC CYANIDES * 


By F. J. Lupzack, R. B. Scuarrer, R. N. BLoomuurr, AND M. B. Etrtrincer 


Robert A. Taft Sanitary Engineering Center, Public Health Service, U. 8. Department of 
Health, Education, and Welfare, Cincinnati, Ohio 


Accelerated use of organic cyanides 
(nitriles) for chemical intermediates, 
synthetic rubber, textiles, plastics, and 
other products has materially increased 
the probability of nitrile contamina- 
tion of surface water. Acrylonitrile 
has been used more than any of the 
other nitriles for industrial purposes. 
Synthetic fibers such as orlon and 
acrilan, synthetic rubber (either as a 
major component or modifier), and 
various acrylic plastics or copolymers 
account for most of this use. The U. S. 
Tariff Commission (1) reports acrylo- 
nitrile production and sales during 
1956 as 140,569,000 Ib. This is ap- 
proximately double the 1947 figure. 
Moreover, nitriles frequently are pro- 
duced by a manufacturing unit which 
uses the material as an intermediate in 
the synthesis of other products. It is 
unlikely that this ‘‘captive’’ produe- 
tion will appear in census figures. 

Renn (2) investigated the toxicity 
to fish of lactonitrile, acrylonitrile, and 
potassium cyanide in aqueous media. 
He also studied their disappearance in 
soil samples. His work suggests de- 
gradation by biological action. Cherry, 
Gabaccia, and Senn (3) reported as- 
similation of acrylonitrile, acrylamide 
monomer, and oxydipropionitrile in 
surface water after various periods for 
acclimatization of the biota. Powers 
(4) and Stack (5) also report that ni- 
triles are assimilated in_ biological 

*Presented at 13th Purdue Industrial 


Wastes Conference; Purdue University, La 
fayette, Ind.; May 5-7, 1958. 


treatment systems. Trelawney et al. 
(6) isolated organisms capablé of 
metabolizing various organic and inor- 
ganic cyanides. 


Study Outline 


Included in the objectives of this 
study was the investigation of the be- 
havior pattern of several commercially 
important organie cyanides. Rate of 
assimilation, end-products, controlling 
factors in metabolism, and acclimation 
were of special interest. Six different 
nitriles were selected for study. Each 
had a different radical attached to the 
cyanide group. They include acetoni- 
trile (CH;CN), aerylonitrile = 
CHCN), adiponitrile (NC(CH.),CN), 
benzonitrile lactonitrile 
(CH,CHOHCN), and oxydipropioni- 
trile (O(CsH,CN).). These chemicals 
cannot be considered as representative 
of all possible nitriles, but it is believed 
that the test results should provide 
certain relations between structure and 
behavior in water. The data may also 
suggest probable behavior of similar 
structures that were not investigated. 

All tests were made in Ohio River 
water obtained from the intake of the 
Cincinnati waterworks. The water was 
stored in the dark for at least five days 
prior to use, to permit sedimentation 
of algae and silt. Clear supernatant 
was used for oxidation tests. 

Figure 1 is a diagram of the oxida- 
tion assembly. <A 5-gal oxidation unit 
was used to minimize individual varia- 
tions in behavior commonly occurring 
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SamPLine AND REAGENT ADDITION 
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CARBON DIOXIDE STRIPPING 
SYSTEM FOR INLET AIR 


co, ABSORPTION SYSTEM 
Ba (OH), SOLUTION 


IR INLET 


£5 GALLON OXIDATION UNIT 


FIGURE 1.—Oxidation system for determining carbon dioxide production from specific 
organic materials in water. 


when small samples of nonhomogeneous 
material are used as in dilution BOD 
or Warburg techniques. The larger 
oxidation unit also made it possible to 
remove samples for analysis without 
using a large percentage of substrate. 
The oxidation bottles painted 
black except for a narrow strip for 
observation of 
was kept in darkness as much as _ pos- 


were 


air rate. The system 
sible to minimize photosynthesis and 
coneurrent dioxide 

By appropriate adjustment of air 
supply and reagent strength, the sys- 
tem was useful for investigation of ma- 
low high 
The substrate was sampled 


carbon use. 


terials having a or oxygen 
demand. 
only when carbon dioxide production 
indicated significant change. 

Air to the oxidation unit 
(Figure 1) at approximately 1 bubble 
per second. 


was fed 


This insured aerobic con- 
in the oxidation unit 
dioxide production 
300 mg per 24 hr. 


unless 
exceeded 
Entering air was 
stripped of carbon dioxide in a train 
consisting of a dry soda lime tube and 
spiral-flow gas washers containing 25 
per cent sodium hydroxide and 0.3N 


ditions 
carbon 


barium hydroxide, respectively. The 
last stripper served only as a check on 
stripping efficiency of the preceding 
units. If carbon dioxide entered the 
last unit, barium carbonate precipi- 
tated on the inlet port. Detection of 
such a deposit called for prompt re- 
charge of the train. A mercury ma- 
nometer on the inlet air line was used 
to detect obstructions and to adjust 
air flow between multiple units. 
Carbon dioxide production was used 
as the primary index of activity. Ini- 
tial and final titrations of excess alkali 
in the the outlet air 
stream were used for quantitative esti- 
mates. Only the first of three units 
was titrated, except when unusual ae- 
tivity required some of the 
capacity. When one unit was titrated, 
the freshly charged 
placed last in the line. 


absorbers on 


reserve 


absorber was 

The difference in carbon dioxide pro- 
duction between a control and _ test 
bottle was assumed to reflect complete 
oxidation of a part of the added feed. 
The difference usually was expressed 
as a percentage of the theoretical car- 
bon dioxide possible after complete 
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oxidation of the particular applied dos- 
age. Nitrogen analyses (ammonia, or- 
ganic, nitrate, and nitrite) were made 
regularly on the nitrile systems and 
also converted to a percentage of theo- 
retical amounts. The material balance 
between feed and end products usually 
was within 10 per cent. 

Observation of a specific system was 
continued until at least 60 per cent of 
theoretical carbon dioxide was ob- 
tained, or until the oxidation curve ap- 
proached a limit. Shortly after the 
curve leveled off, 50 per cent of the 
substrate was removed along with as 
much of the solids as possible. The 
portion withdrawn was analyzed for 
the various forms of nitrogen, alka- 
linity, pH, extractable components, bio- 
logical population, and other desired 
information. The oxidation unit was 
then recharged with new river water 
to its original volume of 18 liters. <A 
new feed of the same or different ni- 
trile was then added. 

The oxidation unit (Figure 1) was 
fitted with a tube extending to the 
center of the substrate. This tube was 
used for addition of reagents or with- 
drawal of samples during a run, mak- 
ing it unnecessary to open the bottle 
and disturb the equilibrium of carbon 
dioxide in the liquid and gas phases. 

Alkalinity tests were used to meas- 
ure and compare the amount of bound 
carbon dioxide contained in the control 
and test samples. <A buffer consisting 
of monobasic potassium phosphate and 
disodium phosphate was used to con- 
trol the pH between 6.5 and 7.0. The 
buffer effectively minimized large 
variations in alkalinity and enabled the 
carbon dioxide curve to indicate more 
nearly activity of the system. 


Analytical Methods 
No chemical analysis has been found 
from which it is possible to obtain reli- 
able estimates of the concentration of 
nitriles in water as a group. Effective 
analytical methods are known for sev- 
eral individual nitriles, particularly 
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those with unsaturated bonds in the 
radical attached to the nitrile. Daues 
and Hamner (7) describe an azeotropic 
distillation for separation and concen- 
tration of acrylonitrile in aqueous sam- 
ples. Polarographic analysis was ef- 
fective on the concentrated fraction. 
Streuli (8) titrated the copolymers of 
acrylonitrile in nonaqueous solutions. 
Bird and Hale (9) describe polaro- 
graphic methods applicable for aerylo- 
nitrile. Infrared absorption was used 
by Kitson and Griffith (10) to char- 
acterize nitrile compounds. Quantita- 
tive methods in aqueous samples are 
less attractive using this approach be- 
cause of losses due to partition coef- 
ficients in extraction, reactivity, and 
volatility of the nitriles. Beesing et al. 
(11) determined acrylonitrile and 
other unsaturates using dodecanethiol 
titrations. The cited methods are ef- 
fective on specific nitriles under the 
prescribed test conditions. They 
would be of little value for determina- 
tion of unknown or mixed nitriles. 

Nitrogen analysis frequently has 
been applied to estimate nitrile con- 
centration of effluents. Table I shows 
that this approach is not universally 
effective. The McKenzie and Wallace 
total Kjeldahl nitrogen method (12) 
used on fresh nitrile solutions gave 
results varying from 6 to 100 per cent 
recovery, depending on the particular 
nitrile. Volatility and hydrolysis rates 
apparently govern the fraction re- 
covered. 

A modification of the method pro- 
posed by Varner ef al. (13) appeared 
nearest the desired effectiveness. This 
method made it possible to obtain high 
recoveries on five of the six nitriles 
tested. Varner’s method uses ferrous 
sulfate reduction with a silver catalyst 
in alkaline solution. The original 
method was relatively inefficient in 
converting nitrile nitrogen to recover- 
able ammonia. By lengthening redue- 
tion time to two hours at 65°C, three 
of the six nitriles tested were reducible 
to ammonia with a fair yield. Nine- 


: 
4 
x 
4 
| 
Bes 
Any 
| 
| 
: 
| 
: 
is? 
Biss 
qlee 


36 SEWAGE AND INDUSTRIAL WASTES 


January 1959 


Per Cent of Theoretical 


rest 
Aceto- Acrylo- Adipo Benzo- Lacto- | Oxydipropio- 
| 
Total Kjeldahl nitrogen <6 <30 95 10 9 | > 100 
Modified reduction 90-100 90-100 | 95-100 | 90-100 | <20 > 100 
COD 50-55 | 80-85 70-75 =| 75-80 | 15-50 | 25-30 
Azeotropic distillation 70-75 80-90 | <4 | 8090 | <3 <3 
Cyanide: 
Direct titr Nil Nil Nil Nil 10-15 Nil 
Direct color aa Trace Nil Nil <10 Nil 
After Serfass dist <1 Trace Nil Nil | 10-35 Nil 
Chlorine demandt 10-30 


Appeared less than 10 per cent absorption 


in the eluate. 
+15 min 


teen other common metallic catalysts 
were investigated in an attempt to ex- 
Silver sulfate and 
and 
cury assisted reduction ; 0.2 g of a mix 
ture of equal parts of these salts was 
used to catalyze reduction. Table | 
that at least 90 cent of 
theoretical amounts were obtained on 
five of the six nitriles tested. 

COD results (Table I) showed a re- 
covery of from 25 to 85 per cent. 
anide tests were of little value, as Jac- 
tonitrile appeared to be the only one 
cyanide. Yates 
Heider (14) found the dissocia- 
constant for lactonitrile to hy- 
drogen cyanide to be 7 10°*; hence, 
all of the cyanide would dissociate if 
given conditions and time. 
Analytical procedures used resulted in 
recoveries of 10 to 35 per cent of theo- 
HCN. ‘Two other 
and acrylo-) released small 
yields of HCN from fresh solutions. 

Activated carbon adsorption, ion ex- 
change columns, azeotropic distillation, 
and chlorine demand were of little use 
as analytical tools for the nitrile group. 

Infrared was used to characterize 
the nitrile stock and to detect signifi- 
cant The 
from 


tend applicability. 


chlorides of nickel, copper, mer- 


shows per 


Cy- 


releasing significant 
and 


tion 


suitable 


retical nitriles 


(aceto- 


changes. appearance of 
different the 
spectrum was a signal for rejection or 


bands reference 


on all nitriles as measured by nitrogen losses 


purification. Some of the stock ni- 
triles were practical grade reagents; 
hence, a reference spectrum was ob- 
tained on delivery and used for com- 
parison in periodic rechecks. Minor 
deviations from a reference curve were 
not considered cause for rejection un- 
less the change became significant on 
Table I gives one example 
of an impure starting material (oxy- 
dipropionitrile) because nitrogen anal- 
ysis consistently resulted in more than 
100 per cent of theoretical amount in 
addition to the impurity detectable by 
infrared. Extractions of oxidized sub- 
strates were made to attempt classifica- 
tion of intermediate decomposition 
products or to detect portions of the 
original feed. The results were not 
conclusive because of manipulation 
losses of the nitriles, but useful infor- 


storage. 


mation was obtained on certain de- 
gradation products. 
In view of the failure to obtain 


methods applicable to the nitrile group 
in water, primary emphasis was placed 
on the analysis of degradation prod- 
ucts. Carbon dioxide: ammonia, or- 
ganic, nitrite, and nitrate nitrogen 
were determined regularly and related 
to the amount of nitrile and other nu- 
trients in the feed. 

BOD tests were made for prelimi- 
nary evaluation of nitrile oxidizability 
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TABLE II.—BOD Results on Various Nitriles 
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| | | Cone. for Median Per Cent of Theoretical . 
go. | Cone. Range Definite xygen Demand 
Nitrile | No.of | Seed | Tested Inhibition 
(mg/l) at 5 Days 
| (mg/l) | 2 days 5 days 12 days 
Aceto- 3 + | 0.1 to 25 0.1 | Nil Nil 20 
3 t 0.1 to 25 3.0 Nil 20 10 
Acrylo- | 5 . 0.1 to 20 0.1 Nil |) Nil 5 
5 t 0.1 to 20 | 0.5 Nil Nil 15 
Adipo- 1 } 0.5 to 10 Nil 40 > 100 
Benzo- 5 -* O.1to 15 | 10 Nil 40 80 
5 | | 05 to20 + Nil 60 00 
Lacto- 1 -* 0.4 to 15 t 40 | 60 
5 -t 0.4 to 15 t 50 } 70 75 
Oxydipropio- 3 -t 0.6 to 12 | <0.6 Ni | 5 


* Aged sewage. 
t Ohio River. 
t No detectable inhibition at 5 days. 


and to determine approximate dosage 
levels. Each nitrile was set up in sev- 
eral different concentrations using both 
Ohio River water and stored sewage 
seed. Residual oxygen was determined 
at 1, 2, 5, and 12 days. No special ac- 
climatization of the seed at- 
tempted. The median per cent of theo- 
retical oxidation is given in Table II 
because of variable results. Oxygen 
depletion less than the control was con- 
sidered evidence of inhibition and an 
indication of the toxicity of the par- 
ticular nitrile to microbiological growth. 
The theoretical percentage was calcu- 
lated for carbonaceous oxidation so 
that appreciable nitrification could re- 
sult in more than 100 per cent. 
Analytical methods other than those 
specifically cited followed the proce- 
dures in ‘‘Standard Methods’’ (15). 


Results 


The results in Table II show that 
aceto-, adipo-, benzo- and lactonitrile 
were amenable to biological degrada- 
tion. Aerylo- and oxydipropionitrile 
were more resistant. Nearly all of the 
nitriles produced lags of at least two 
days. River water dosed with lactoni- 
trile started oxidation earlier than with 
other nitriles. Ohio River water con- 
tained organisms more capable of ni- 


trile assimilation than those from aged 
sewage. 

The curve shown in Figure 2 repre- 
sents carbon dioxide production versus 
time for acetonitrile oxidation in river 
water. Initial dose of nitrile was 10 
mg/l. Relatively little action occurred 
for the first week, although no definite 
toxicity was detectable. Thereafter, 
the curve shows acceleration in carbon 
dioxide production characteristic of a 
biota rapidly increasing in suitable 
population. After addition of the sec- 
ond nitrile dose of 10 mg/1 on the 21st 
day, the system required only four 
days to produce a higher percentage of 
theoretical carbon dioxide than before. 
From the 25th to 36th day, serial feed- 
ings of 20 and 40 mg/1 of acetonitrile 
were assimilated. The oxidation tem- 
perature was dropped from 20 to 5°C 
on the 42nd day, after dosage of 40 
mg/l. The rate of assimilation was 
about 20 per cent of that at the higher 
temperature. Benzo- and adiponitrile 
produced curves similar to that shown 
in Figure 2 for acetonitrile except that 
assimilation started more rapidly. 

Figure 3 shows a similar curve for 
acrylonitrile. A marked inhibition was 
noted during the first week of observa- 
tion. Assimilation during the second 
week was fairly rapid for a few days, 
then apparently reached a plateau, 
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FIGURE 2.—Oxidation of acetonitrile in Ohio River water. 


After 10 days of apparent inactivity, feedings. The acrylonitrile was more 
metabolism became quite active again. slowly metabolized than acetonitrile in 
The lag period and plateau effect were acclimated or unacclimated systems. 
not detectable on subsequent serial A change in temperature to 5°C on the 
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FIGURE 3,—Oxidation of acrylonitrile in Ohio River water. 
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FIGURE 4.—Oxidation of oxydipropionitrile in Ohio River water. 


70th day resulted in a marked redue- 
tion in assimilation. Lactonitrile oxi- 
dations were similar to those for 
acrylonitrile except that they started 
more rapidly. The same type of 
plateau developed on the first feeding 
and the systems were more unstable. 
Figure 4 is a summary of the oxida- 
tion results for oxydipropionitrile in 
river water. There was apparent as- 
similation in the first two weeks, but a 
plateau developed short of 10 per cent 
of theoretical carbon dioxide. No fur- 
ther action was evident in 40 days. 
Another system failed to progress be- 
yond this point in 125 days. Addition 
of one per cent by volume of settled 
sewage per week appeared to help oxi- 
dation of the oxydipropionitrile Fol- 
lowing sewage addition a prompt but 
slight increase in assimilation was 
noted, but over 50 days passed before 
the carbon dioxide production rose ap- 
preciably above 20 per cent of the 
theoretical amount. Once a suitable 
biota was developed, oxidation pro- 
ceeded quite rapidly as indicated by 


Cherry et al. (3). Lags were not sig- 
nificant in redosed systems at the same 
or higher concentrations. 


Acclimatization Summary 


A summary of the relative effects of 
acclimatization for the six nitriles is 
given in Figure 5. Only the first and 
second serial feedings are represented ; 
subsequent feedings showed significant 
gains in assimilation on each nitrile as 
indicated by the ability to oxidize feed 
concentrations of at least 40 to 50 mg/1 
in approximately the same time inter- 
val. The time to reach 10 per cent of 
theoretical carbon dioxide is given to 
show early lag periods; the next 50 
per cent of theoretical limits shows the 
more rapid phase of metabolism. 
Each nitrile shows a significant ac- 
climatization, as shown by the time 
ratio required for 60 per cent of theo- 
retical amount on the first and second 
doses. Acrylo-, adipo-, and lactonitrile 
required only about half the time on 
the second dose, aceto- and benzonitrile 
about one-fifth, and oxydipropionitrile 
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First DOSE ZZ 10%, 60% OF THEORETICAL CO, 


SECOND DOSE B= GH 60% OF THEORETICAL CO, 60% OXIDATION ON 
Ist AND 2nd FEED! 
ACETONITRILE 
| CH, CN 5-! 
ACRYLONITRILE 6 
2.6-1 
CH CN _ 
ADIPONITRILE 
NC~ C4 He~ CN 
BENZONITRILE 
CN 5.4-1 
+ 
LACTOMITARE 


OXYDIPROPIONITRILE™ 
| 


*REQUIRED 1% SETTLED SEW. PER WEEK 


TO START AND MAINTAIN ACTIVITY 
5 10 15 20 300s 35 40 
DAYS 


FIGURE 5.—Effect of acclimatization on aerobic decomposition of nitriles. 


only about one-eighth of the time for change. Aceto-, acrylo-, and lactoni- 
the second as for the first application. trile-acclimated organisms were able to 
Lactonitrile alone indicated an indue- rest for 30 days after one feed was con- 
tion period almost as long for the see- sumed and start oxidation of a new 
ond application as for the first. feed of 40 to 50 mg/l within two days. 
Acclimated biological systems for a The new feed was at least 60 per cent 
given nitrile showed ability to oxidize oxidized within 10 days. 
the material regardless of wide varia- _ 
tions in dosage. Concentrations of the /¢mperature Effects 
nitriles tested (5 to 50 mg/l) were Figure 6 shows the responses of ac- 
metabolized without a significant ad-  climated nitrile systems at 20 and 5°C 
justment period after a concentration Before the temperature change, all 


ist 10% 10-60% OF THEORETICAL CO,@ 20°C 
ist 10% 10-60% OF THEORETICAL CO,@) 


— 


NERALTE: T T T T T T T 
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FIGURE 6.—Effect of temperature change on acclimated nitrile systems. 
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TABLE III.—Assimilation Capacity of Acclimated Systems on a Changed Nitrile Feed* 


41 


Nitrile Used for 
Seed Developmentt 


Aceto- | Adipo- 

Aceto- | - | Yes 
Adipo- Yes 

Benzo- Yes - 
Acrylo- 
Lacto- Yes Yes | 
Oxydipropio- | Yes | Yes | 


of transfer. 
capacity from one nitrile to another. 


Subsequent Nitrile Feed 


Benzo- Acrylo- | Lacto- | Oxydipropio- 
- No No | No 
Yes - No | No 
| Yes No Questionable 
- Yes Questionable 
Yes Yes 
Yes Yes 


In general, all except those in the upper right indicate good transfer of assimilative 


+ Listed in order of increasing seed versatility for oxidation of other nitriles. 


systems underwent acclimation by as- 
similation of two or more feeds of the 
particular nitrile at the concentration 
cited. As in Figure 5, the 10 per cent 
level is included to show adjustment 
periods, and the next 50 per cent of 
theoretical carbon dioxide shows the 
more rapid metabolism. Oxydipro- 
pionitrile and acrylonitrile showed the 
longest induction periods after the 
temperature change. The next 50 per 
cent of theoretical CO, required about 
three times as long at 5° as at 20°C. 
Acetonitrile required a rather short 
induction period, but took about five 
times as long at 5° as at 20°C to re- 
cover the next 50 per cent of theoreti- 
cal carbon dioxide. Lacto- and adipo- 
nitrile were similar to acrylonitrile ex- 
cept for a relatively short induction 
period. Benzonitrile appeared least 
affected by the temperature change 
both with respect to induction time 
and the 50 per cent recovery period. 
Pronounced acclimation shown in 
Figure 5 suggested tests to show 
whether a biota developed on one ni- 
trile would assimilate other nitriles. 
Table III compares various nitrile as- 
similations by other nitrile biota and 
fresh river water biota. Changes re- 
ported in Table III were made at 
20°C; tests at 5° showed little evidence 
of transfer of assimilative capacity and 
were not reported. The left-hand col- 
umn shows the nitriles on which the 


seed was developed, listed in the order 
of increasing seed versatility for oxida- 
tion of other nitriles. In general, all 
combinations except those shown in the 
upper right show good transfer of as- 
similative capacity from one nitrile to 
another. Not all of the possible 
changes were investigated, but of those 
tested only one change is out of line. 
Data on biological variety in the vari- 
ous substrates, discussed later, provide 
a possible explanation of this. 


Nitrogen Data 


Acclimated biological systems for a 
given nitrile converted 60 to 90 per 
cent of the nitrile nitrogen in the feed 
to oxidized nitrogen by the time 60 
per cent of theoretical carbon dioxide 
was obtained. In unacclimated sys- 
tems there was an early increase in am- 
monia nitrogen which persisted for 
several days before conversion to ni- 
trite and nitrate nitrogen. Increase in 
ammonia nitrogen was negligible in 
solutions of acrylonitrile in tap water 
after three weeks storage; hence, the 
hydrolysis of the nitrile apparently 
was influenced by enzyme action. Re- 
feeding an acclimated biota was not 
accompanied by a sharp rise in am- 
monia nitrogen; it was oxidized about 
as rapidly as it appeared. Established 
oxidation substrates rarely showed 
more than 1 mg/l of ammonia nitrogen 
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in early stages and little or none near 
the end of oxidation. 

Addition of supplementary nitrogen 
as ammonium chloride made no ob- 
servable difference in the rate of ear- 
oxidation this form 
was rapidly converted to nitrate. Ap- 
parently the nitriles tested provided 
adequate nitrogen for biological growth. 

Total Kjeldahl nitrogen was fairly 


bonaceous since 


constant during the oxidation cycle 
unless the nitrile responded to the 
total Kjeldahl test in high yield 


(Table I). 

Nitrate concentrations were highly 
variable depending on the type of ni- 
trile feed, concentration, and stage of 
oxidation. Nitrites were relatively low 
except in unacclimated systems where 
they reached high levels for short pe- 
riods. They seldom exceeded 0.4 mg/] 
in established systems. 


Cyanide Formation 


Lactonitrile oxidations were the only 
ones showing significant cyanide for- 
mation. After a feed, cyanide could 
be detected in the substrate for about 
a week. It was trapped in the carbon 
dioxide absorbers for four to seven 
days, depending on the lactonitrile feed 
concentration and degree of acclima- 
tization. The HCN loss by volatiliza- 
tion from the substrates did not exceed 
15 per cent of the theoretical amount 
fed in any test; usually it was much 
less. Rapid oxidation, as indicated by 
carbon dioxide production, and nitrifi- 
cation, occurred before the cyanide 
level dropped, normally by the second 
or third day. 


Infrared Examination 


Extractions of well-oxidized sub- 
strates did not recover amounts of ni- 
trile detectable by infrared. Trace 
amounts were occasionally shown dur- 
ing early stages of oxidation, but the 
curve showed appreciable modification 
from the reference. Carbonyl absorp- 
tion appeared in extracts long before 
carbon dioxide production became sig- 
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nificant on new oxydipropionitrile 
Infrared curves of well-oxi- 
dized substrates tended to approach a 
characteristic form regardless of feed 
type. This characteristic curve appar- 
ently was due to degradation products 
of metabolic activity. 


systems. 


Biological Observations 


3iological observations on_ nitrile 
substrates were made primarily for 
qualitative purposes. Plate counts 
were made on tryptone glucose agar, 
and on rose bengal agar, at irregular 
intervals. Samples could not be mixed 
adequately to achieve good quantitative 
results, but significant gains or losses 
were apparent. Stained slides were 
prepared occasionally for comparisons. 

Most substrates revealed a smaller 
variety of organisms than untreated 
river water, but with total plate counts 
often substantially greater. Hyphae 
and spores of several different molds 
were prominent in acrylo-, lacto-, and 
oxydipropionitrile systems, less com- 
mon in others. Protozoa were more 
evident in aceto-, benzo-, and adiponi- 
trile systems but rarely seen in lactoni- 
trile substrates. Coeci and rod-shaped 
bacteria, usually gram negative, were 
common to all systems, as were yeast 
cells. Trichoderma, a resistant mold 
found in soils, was found in lactonitrile 
systems fed with potassium cyanide. 
Pseudomonas aerogenes and a spore- 
forming bacillus were numerous in 
lactonitrile systems and in most of the 
other active cultures. Lacto- and oxy- 
dipropionitrile substrates generally 
showed a greater variety of organisms, 
which may explain results in Table IIT. 

Lactonitrile systems were relatively 
unstable and occasionally showed an 
almost complete die-out of the popula- 
tion. Cyanide concentrations, nitrogen 
analyses, alkalinity, and other tests 
failed to provide an explanation for 
the die-out. Although lactonitrile usu- 
ally started metabolism readily, subse- 
quent behavior placed it with the more 
resistant nitriles. 
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This die-out should not be confused 
with the plateau effects found in oxy- 
dipropio-, lacto-, and acrylonitrile. 
The plateaus were associated with car- 
bon dioxide production equivalent to 
that of the control. Plate counts and 
slides failed to show a _ significant 
change in population or variety on 
several test units before, during, or 
after the plateau was noticeable. Ap- 
parently this was a situation involving 
necessary adaptation of organisms or 
enzyme systems to metabolize the spe- 
cialized feed. The plateau was never 
detectable on subsequent feeding of an 
acclimated system. 


Supplementary Nutrients 

Certain nitriles indicated a need for 
materials supplementary to those fur- 
nished in Ohio River water. Oxydi- 
propionitrile failed to start oxidation 
until regular additions of sewage were 
provided. Lacto- and acrylonitrile sys- 
tems were appreciably stabilized by 
sewage addition but usually could get 
along without it. Oxydipropionitrile 
oxidations showed a reduction in aec- 
tivity by the second week after sewage 
was withheld, even in acclimated sys- 
tems. No explanation was obtained of 
the precise function of sewage in ni- 
trile oxidations. It does not appear 
likely that new organisms were in- 
volved, in view of the acclimation 
necessary. Trace nutrients, enzymes, 
or vitamins in the sewage appear more 
likely as causes for the beneficial ef- 
fect on nitrile oxidation. In a surface 
water, trace materials would be more 
generally available; the test oxidations 
were enclosed for varying periods of 
time which may have resulted in ex- 
haustion of certain nutrients. 

Data on the six nitriles investigated 
make it appear that the cyano-group 
on a saturated hydrocarbon radical is 
readily metabolized. Enzymatic hy- 
drolysis leads to the formation of or- 
ganic acids, ammonia, or associated 
materials. Other functional groups in 
the nitrile radically alter the behavior. 
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An electronegative group close to the 
CN, as in lactonitrile, promotes disso- 
ciation of HCN, leading to toxicity. 
The C-O-C group, as in oxydipropio- 
nitrile, stabilized the compound to bio- 
chemical action without showing toxic 
effects. A single unsaturated group as 
in acrylonitrile increased the resistance 
to biochemical action but conjugated 
double bonds, as found in benzonitrile, 
did not. This suggests that estimates 
of biochemical stability of different ni- 
triles should depend mainly on the as- 
sociated functional groups and their 
relative position in the nitrile. 


Summary and Conclusions 


Nitrile oxidations show an enzymatic 
hydrolysis leading to the formation of 
organic acids and ammonia or asso- 
ciated materials. Both carbonaceous 
and nitrogeneous oxidation demon- 
strated a high degree of acclimation. 
The time required for their adaptation 
varied with the nitrile under test. 
Oxydipropionitrile was the most re- 
sistant chemical studied, but was 
rapidly consumed by the organisms 
after their acclimation. 

An acclimated biota was able to 
metabolize a given nitrile in spite of 
wide variations in concentration and 
feeding interval. 

Acclimated organisms vary in their 
response to a different nitrile feed. 
The more readily metabolized nitriles 
produced a biota that was not very 
effective in stabilization of the more 
resistant nitriles. Organisms capable 
of assimilating lacto-, and oxydipropio- 
nitrile readily used other tested nitriles 
as a food. 

Temperature affects nitrile oxida- 
tions in the same manner as it af- 
fects other biochemical stabilizations. 
Acrylo- and oxydipropionitrile re- 
quired a long adjustment period after 
the change from summer to winter tem 
peratures. 

Organisms adaptable to nitrile oxi- 
dation appear to be common in surface 
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Additional 
those available in 


water. nutrients such as 
were 
sary to maintain active growth in lab- 
oratory test systems containing certain 
nitriles. This is probably not a limit- 
ing factor for self-purification in most 
natural water, because of the abundant 
supply of nutrients from runoff. 
After a sufficient adaptation period 
following nitrile contamination of a 
surface water, it is unlikely that prob- 
lems peculiar to the nitriles will be en- 
countered. 


sewage neces- 


Aceto-, adipo-, and benzo- 
nitrile introduce oxygen demand and 
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nitrate problems. Other nitriles studied 
introduce certain additional problems. 
Lactonitrile dissociation the 
toxic effects of HCN. Aerylo- and 
oxydipropionitrile require a long time 
for initial adaptation of organisms and 
for the adjustment from summer to 
winter temperatures. 


leads to 
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FLOW MEASUREMENT BY RADIOTRACER 


By D. E. Hutt, M. Macomser, anp J. H. EASTHAGEN 


California Research Corporation, Richmond, Calif. 


Accurate measurement of rates of 
liquid flow is admittedly difficult (1). 
The choice of methods for measuring 
industrial waste streams is usually 
limited by the small head available. 
To review the theoretical bases and 
practical limitations of the methods 
most commonly used is to convince the 
engineer or plant operator of his need 
for a simple, accurate method to meas- 
ure flow rates. 

Of the methods most commonly used, 
one of the simplest is the use of a 
weir. If carefully designed and used, 
this device has a reasonable accuracy. 

A more accurate device, although a 
much more expensive one, is the 
Parshall flume. This is a modified 
venturi flume built to carefully speci- 
fied dimensions for a given range of 
flow rates. If the flume is constructed 


of such materials as to resist scouring 
flow rates can be measured with a hich 


degree of accuracy. The useful flow 
range of a given flume is limited to a 
factor of less than 100. 

One way to determine flow in sewers 
measures the water depth by contin- 
uously recording the back pressure of 
a gas bubbler. This depth is then re- 
lated to flow through formulas involv- 
ing the slope of the sewer, pipe size, 
Wetted perimeter, and other factors. 
Empirical factors such as pipe rough- 
ness lead to errors in flow rate deter- 
minations. 

This paper describes a basically new 
method of measuring flow rates. Er- 
rors found in the widely-used methods 
are eliminated with this procedure. It 
does not require any physical structure 
such as a weir or a flume and works 


on any kind, size, or shape of conduit, 
open or closed. It does not involve the 
measurement of liquid levels or pres- 
sures. It does not require a pressure 
drop or loss of hydraulic head, and it 
does not impede the flow in any way. 
It measures the flow directly in ab- 
solute units by a theoretical formula, 
without empirical correction factors. 
It is valid over a wide range; thus far. 
flow rates differing more than a billion 
fold have been measured. 


Theory 


This procedure for measuring flow 
rates is called the total-count method 
(2)(3). It uses a radioactive tracer, 
added to the stream to be measured. 
The principle is as follows. A finite 
quantity of radiotracer, A, is mixed 
in the stream. A Geiger counter is 
fixed in or near the stream some dis- 
tance below the starting point. While 
the tracer is passing, clicks from the 
counter accumulate on the register 
After it has all passed, the total num- 
ber of counts, N, is recorded. 

The value of N is inversely propor- 
tional to the flow rate, Q, since a slow- 
moving stream allows more time for 
counts to accumulate. In addition, the 
more tracer used, the more counts are 
recorded. Thus, V is directly propor- 
tional to A. Therefore, 

AF 
= —......(1) 
N 
where the proportionality factor F is 
a constant which is characteristic of 
the isotope, the counter, and its geo- 
metrical relationship to the stream. 
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SCALER q 000 | N counts 


COUNTER 


| Q GALLONS 
MINUTE 


NQ 000 


F COUNTS /MILLICURIES 
MINUTE GALLON 


The dimensions of F are determined 
by those attached to Q. For example, 


min N[ counts | 


counts x gal (2) 
uc min 


The numerical value of F can be 
determined in the laboratory by the 
following: A counter is exposed to 
tracer solution in the same geometrical 
arrangement as in the field test, to find 
the counting rate that corresponds to 


xX F 


a certain concentration of tracer. This 
is shown in Figure 1. For example, 
it was desired to measure the flow of 
water through an 8-in. pipe with 
cesium-134 as a tracer. A 2-ft length 
of the pipe, closed off at one end, was 
filled with water containing 42.3 pe 
of cesium-134 per gallon. <A 1- by 
12-in. Geiger tube, sensitive to gamma 


rays, was strapped along the pipe. It 


was connected to a scaler and found 


to give 222 counts per second. The 


calibration factor, F, for this pipe, 


with this isotope and this counter, was 
then calculated to be 315, with the 
same units as in Equation 2. If this 


factor is substituted in Equation 2, the 


A 


FIGURE 1.—Schematic diagram showing procedure for determination of the propor- 
tionality factor, F, in total-count flow rate method. 


units of mierocuries and counts cancel 
out, and an absolute expression for the 
flow rate in gallons per minute is 
obtained. 


Divided Streams 


The total-count method becomes 
much more versatile through what is 
known as the divided-stream principle. 
It is assumed that the tracered stream 
in the 8-in. pipe is split, some portion 
of it being diverted into another line. 
If x is the fraction of the stream that 
continues in the 8-in. line, and a 
counter is placed on the pipe down- 
stream from the wye, the problem is to 
determine how many counts, N, will 
be obtained from A microcuries of 
tracer injected upstream from the wye. 
The fraction of the tracer that now 
passes the counter is x, so A is replaced 
in Equation 1 with 7A. But the flow 
rate at the counter is also reduced in 
the same proportion, to 7Q. Hence, the 
number of counts is 


This result shows that the same 
number of counts is obtained on the 
fraction, z, of the stream as would be 
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SCALER 


FIGURE 2.—Cross section of an open stream showing imaginary channel partitioning as 
assumed in total-count flow measurement. 


obtained on the whole stream, and it 
is not even necessary to know the value 
of x. This fact is important, because 
it can be applied to gage a large stream 
by measuring only a small part of it. 
In a divided stream, the flow rate 
measured by the total-count method is 
not that at the point of measurement, 
but that at the tracer point. 


Open Streams 


To explain how this principle can be 
applied to measurement of an open 
stream, the following description is 
given and is shown graphically in 
Figure 2. 

The stream is considered as divided 
by imaginary partitions into a number 
of channels. The counter is placed in 
one of these channels so as to respond 
to tracer atoms that flow past within 
‘‘oamma-ray range’’ of the counter. 
Tracer flowing in more distant chan- 
nels will not affect the counter for two 
reasons. First, the exponential absorp- 
tion of gamma rays in the water limits 
their penetration to a few feet. Second, 
the inverse square law rapidly reduces 
the solid angle covered by the counter. 

The channel selected to ‘‘count’’ 
may carry a current either faster or 
slower than the average in the stream. 
In any ease, it carries some definite 
fraction, x, of the total flow. By the 
divided stream principle, the same 
total number of counts, N, will be 
found in this channel as would be 
found in any other channel in the 


stream. In fact, the total count is 
the same as would be obtained if a dam 
were built across the stream and all 
the water were forced to flow through 
this particular channel. 


Choice of Isotope 


A suitable radiotracer for measuring 
water flow must be chemically stable 
in water solution and must emit 
gamma rays. A_radioelement with 
these properties and also having a 
long life that permits its stockpiling 
is cesium-134. It is chemically simi- 
lar to sodium; almost all of its com- 
pounds are readily soluble in water. 
Its most prominent gamma rays have 
energies close to 0.7 Mev and are half 
absorbed by 3.3 in. of water. Its half- 
life is 2.3 yr, and its cost is $1.00 
per millicurie. For small-seale tests, 
such as described in this paper, it is 
quite suitable. For larger streams, 
reasons of economy and safety make it 
preferable to use short-lived gold-198. 


Selection and Calibration of Counter 


To obtain high sensitivity, four 1- 
by 12-in. metal Geiger tubes were con- 
nected in parallel and bundled into 
the bottom of a closed lucite pipe. A 
cable, 10 to 25 ft long, served to sus- 
pend the counter bundle and to con- 
nect it to a high voltage source and 
sealer. 

To calibrate the counter for a flow 
measurement, a part of the channel 
large enough to give a ‘‘saturation”’ 


‘\ 
beet’. 
z — — 4 
| 
L 
| 
: 
rh 
4 
: 
: 


SEWAGE AND INDUSTRIAL WASTES January 1959 


FIGURE 3.—Geiger tube bundle being suspended into refinery waste flow to 
obtain total-count. 


count must be used. This means that more conventionally expressed in units 
the counter must be immersed in a for millions of gallons of water per 
body of tracered water large enough day. The factor then becomes: 
so that making it larger does not sup 
ply any more counts. In practice this F,,, 306 X 
is accomplished by submerging the 
counter tubes at least six inches under og 5 counts 10° gallon 
the surface of the water in a tank 4 or ~~ microcurie” — day 
ft in diameter. 

The calibration of the tube bundle Field Use 
was made in a tank containing 246 pe The first application of the total- 
of cesium in 574 gal of water. In this count method to an open stream was 
solution the counter registered 131.4 on an oil-water separator effluent 
counts per second. Thus, from Eq. 1, stream in an oil refinery in California 
the factor F is 306 eps/pe/gal. This is An enclosed conerete conduit about 9 


86,400 
106 


18 

if 

2 
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ft wide carried the effluent 150 ft into 
an open ditch. The counter was sus- 
pended in the stream where it was 
discharged from the conduit. Figure 
3 shows this arrangement. Three tests, 
placing the counter in three different 
positions, were made as follows: 


1. In midstream, in a strong turbu- 
lent current. 

2. About two feet from one side of 
the channel, where the counter swung 
around in an ellipse alternately in a 
strong current and in relatively quiet 
water near the edge. 

3. About two feet from the other 
side of the channel in a region of very 
strong turbulence where the backwater 
from a tributary stream merged with 
the main stream. 


In each case the tracer was poured 
from a pint bottle imto the stream 
through a manhole upstream in the 
conduit. The results of this test are 
shown in Table I. 


TABLE I. Results of Flow Rate Tests in An 
Open Channel Made With Total-Count 


Method 
Pracer Flow’ Rate 
Position me Counts med) 
7.33 7,009 27.7 + 0.3 
2 LSI 1.670 28.7 + 1.0 
) 1.39 910 19.5 + 2.0 


The check between the first two 
tests is well within the statistical ae- 
euracy of the measurement. This led 
to two conclusions. 


1. The tracer was thoroughly mixed 
in the stream. 

2 The theoretical prediction that 
the same total number of counts will 
be found in any channel was verified. 


Comparison of the three tests on 
this stream shows the importance of 
thorough mixing of the radiotracer in 
the stream before it reaches the 
counter. Agreement in the total-count 
values in different parts of the stream 
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is a criterion of good mixing. ‘The 
check between positions 1 and 2 testi- 
fies to complete mixing above the fork. 
But the third count, made where the 
tracered water was diluted with un 
tracered water from the side stream, 
was too low. Such an effect is to be 
expected at a confluence and for some 
distance downstream. Further down 
stream, after this tributary would be 
thoroughly mixed with the main 
stream, a uniformly lower count would 
be found, corresponding correctly to 
the higher flow rate of the combined 
streams. 

This first test was made on a stream 
not equipped with flow measuring de 
vices. Later, an opportunity came to 
measure a stream that flowed over a 
broad horizontal weir. With a cesium 
134 tracer charge, a flow of 223 med 
was found, compared with a weir flow 
reading of 19.3 med. 


Sample-Bucket Technique 


When the counter bundle is’ used 
in a channel of small dimensions, an 
error is introduced through use of a 
calibration factor determined for an 
infinite volume. The correet factor for 
a narrow channel would be less than 
that for an infinite volume. For ex 
ample, in a channel more than four 
feet wide, the error is less than 1 per 
cent, but in a 2-ft channel, it may be 
as much as 10 per cent. To overcome 
this limitation, another technique was 
adopted, using the split stream princi- 
ple described above. In gaging the 
flow in narrow channels, a small side 
stream was drawn off through a bucket 
containing the counter. The counter 
was calibrated in this same bucket. 
which eliminated the hydraulics prob 
lems characteristic of a narrow open 
stream. 

When the waste is in a closed con- 
duit under pressure, a small bleed 
stream may be carried through a rub 
ber hose from a sample point on the 
conduit to a connection in the bottom 
of the bucket. In many waste streams, 
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because of lack of pressure, this may 
not be possible; and a pump must be 
provided to supply a flow through the 
sample bucket. This arrangement 
shown in Figure 4. In ealeulating the 
flow rate, the total count obtained in 
the bucket, the calibration factor de- 
termined for the bucket, and the total 
amount of put in the stream, 
are substituted in Equation 3 to de- 
termine the flow rate in the main 
stream. It is re-emphasized that the 
flow rate of the side stream need not 
be known. However, this flow rate, as 
well as the flow in the stream, must 
remain constant during a test to ob- 
tain accurate results 

A counting bucket for in this 
method was made of a 6-in. tube long 
enough to submerge the counters in 


is 


tracer 


use 
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FIGURE 4.—Apparatus used for obtaining small portion of closed conduit 
waste flow. Pump is shown delivering waste to sample bucket from which tracer 
count is obtained by the instrument in the background. 


the bundle. The bundle was mounted 


along the axis of the bucket. The 
factor for cesium-134 in this bucket 
was = 4.92 counts/pe. This ap- 


paratus has been found especially use- 
ful in measuring the flow in sewers, 
where the dimensions of the flowing 
stream are rarely large enough to sur- 
round the counter with the required 
mass of water. 

In the first demonstration of the 
total-count method a hose with the end 
covered with a screen to prevent plug- 
ging was dropped through a manhole 
into a 


storm sewer. Water was 
pumped via the hose through the 
counting bucket at about 40 gpm and 
returned to the sewer downstream. 


had been 
radiocesium 


After a background rate 
established, a bottle of 
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solution was poured into another man- 
hole a block up the street. The results 
of two successive tests are tabulated 
below. 


Tracer Flow Rate 


Test No. (me) Counts (mgd) 
5.11 | 4,466 | 5.64 + 0.12 
2 5.14 1,624 | 5.47 + 0.10 


The two tests agreed within 3 per 
cent, the statistical accuracy of the 
counting. <A flow device in use at the 
measurement point, consisting of a re- 
cording pressure gage on a bubbler, 
showed a value, according to the eali- 
bration curve, of 7 or 8 mgd. How- 
ever, after the tracer test, a more care- 
ful look at the friction factor used in 
the calculations, considering the area 
of the pipe actually wetted at that 
level, brought the gage value into close 
agreement with the total-count value. 


Discussion of Method 


The total-count method has several 
advantages over older ways of meas- 
uring flow rates. It is simple and 
versatile. It is inexpensive. With 
equipment costing less than $1,000, one 
man make any of the tests de- 
scribed in this paper in about an hour. 
The tracer cost is only a few dollars. 
The method routinely measures flows to 
95 per cent accuracy, and with care 98 
per cent accuracy is possible. It is a 
way to check all other kinds of flow 
meters. However, it is inherent in the 
method that it does not give a continu- 
ous reading of flow rate. Each meas- 
urement requires the introduction of 
a finite amount of tracer, and gives 
the rate only at the moment. Further- 
more, the requirement of mixing limits 
the method to use in streams where 
turbulence exists or can be provided. 
Turbulence is not necessary at the 
point of measurement, only at the 
tracer point. 

The most serious disadvantage of 


can 
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the iotal-count method is the facet that 
it involves radioactive materials. The 
tracer must be obtained under license 
from the Atomic Energy Commission, 
and it must be handled by a person 
qualified to do it safely. Actually, this 
is not such a severe handicap as it 
might seem, because it is not necessary 
to hire a nuclear chemist for this work. 
A week of training will enable a person 
with a technical background to handle 
these quantities of radioactivity safely ; 
and, under his direction, technicians 
can be trained in the routine tech- 
niques. The most complex operation 
is to pipette the radioactive solution 
from one bottle to another without 
spilling it. The bottle containing the 
supply—perhaps 10 to 50 me—must 
be stored in a lead shield. The larger 
bottle, containing 1 to 5 me in dilute 
solution, need not be shielded. It is 
safe, for example, to hold it in the 


hand while emptying it into the 
stream. 
The physiological properties of 


cesium contribute to the safety of this 
particular isotope. It is similar to 
sodium; if taken into the body, it is 
not stored but is readily exereted. For 
this reason, the radiological tolerance 
to this isotope is comparatively high. 
The accepted figure for the maximum 
permissible coneentration in water 
used routinely for drinking is 1.5 
10-°* pe per ml. This amount would 
give 170 eps in the counter bundle, 
which is actually a faster rate than 
should be used for accurate work. In 
practice, the highest concentration of 
cesium-134 at the point of measure 
ment is less than that permissible for 
continuous use, and this concentration 
persists for only a few minutes. 

It is predicted that the gaging of 
flow in waste streams will be an im- 
portant use of the total-count method. 


But its usefulness is by no means 
limited to this. It can be used in in- 
dustrial plants to measure flow in 


pipes where meters have defaulted or 
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were never installed. With the use of for this method which covers the whole 

an oil-soluble radioisotope, flow of field of flow rate measurement. 

petroleum stocks can be measured into 

and out of refining plants. With References 

radiokrypton, gas streams can be meas 1. American Petroleum Institute, ‘‘ Manual 

F on Disposal of Refinery Wastes.’’ 1, 

59 (1953). 
ile or the large overhead stream 9. Hull, D. E., ‘Total-Count Technique in 
from a petroleum cracking plant. the Refinery.’’ Ind. Eng. Chem., 50, 
199 (1958). 

California Research Corporation, ‘‘ Fluid 
Flow Measurement.’’ U. 8S. Patents 

med. Many other uses are predi ted 2 826,699 and 2,826,700. 


ured, whether the exhaust from an au 


With radiogold, natural streams and 


rivers have been measured, up to 1,000 
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WASTES FROM THE POTATO CHIP INDUSTRY 


By PorGes anp W. W. Towne 


Robert A. Taft Sanitary Engineering Center, 
Department of Health, Education, and Welfare, 


During recent years the potato chip 
industry has grown into a food-proc- 
essing prodigy. In 1957, 45 million 
bushels of potatoes—nearly 12 per cent 
of the entire crop—were processed into 
chips (1). This fast growth has 
hastened the change from intermittent, 
batch continuous, virtu- 
ally automatic, operations. Associated 
with this growth are waste dis- 
posal problems and larger demands on 
water supplies. 


processes to 


new 


This study was undertaken because 
of the interest shown by industry, 
regulatory and others con- 
with water use and waste dis 
posal; and because of the paucity of 
reported data. An earlier report of 
waste loadings from potato chip proc- 
2) was limited to a study of 
one small plant. 


agencies, 


cerned 


essing 


The goal of the present study was to 
facilitate industry's understanding of 
plant processes as they relate to water 
use and waste discharges, and to per- 
mit evaluation of the wastes produced 
from a knowledge of the process, the 
amounts of raw materials utilized, and 
the finished product. 


Processes and Waste Sources 
Historical 


The potato chip. originated at 
‘*Moon’s Place,’’ Lake Saratoga, N. Y.., 
around 1853 (3). The  paper-thin 
slices of potatoes, chilled in ice water, 
dried, and fried in boiling fat, became 
known as Saratoga chips. It was not 
until 1925 that a company was organ- 


ized solely for making the chips. With 
increasing sales, mechanical peelers 


Public Health Service, 
Cincinnati, Ohio 


and slicers were developed and_ proc- 
essing proceeded from batch to semi- 
continuous and continuous operation. 

By 19386, three million bushels of 
potatoes were chipped; in 1946, 15 
million bushels; and in 1956, 45 mil- 
lion bushels (4). Statistics for 1957 
indicate that nearly 12 per cent of a 
total potato crop of 394 million bushels 
was used for chips (1). 


Raw Materials 


The the most important 
item in the science and art of chipping. 
It must produce a light-colored chip 
with eye appeal and have a solids con 


potato is 


tent that assures a profitable enter 
prise. Jligh sugar content and nitrog 
enous portions of the potato cause the 
undesirable dark chip, a 
which is controlled by 


condition 
selection of po 
tato variety, growing conditions, and 
type of storage. 

For economical processing, the po- 
tato should have a high density which 
can be determined by analysis or esti- 
mated from the specific gravity. 
specific gravity can be more easily as- 
sayed and is indicative of production 
volume, the potatoes are usually re 
ceived at the plant with their specific 
gravity recorded. The Department of 
Agriculture states (5) that the cor- 
relation between specific gravity and 
dry matter has usually been found to 
be very high, with correlation coeffi- 
cients varying from 0.85 to 0.95. It 
indicates that results computed by the 
following formula developed by Von 
Scheele, Svensson, and Rasmussen seem 
to approach analytical results: 


Since 


<4 
oa) 
‘ 
% 
4 
4 
4 
he 
= 
we 
4 
| 
oe 


54 SEWAGE AND INDUSTRIAL WASTES 


Percentage dry matter = 211.04 


specific gravity — 207.709. . (1) 


Similarly, the starch content may be 
estimated from the specific gravity by 
the formula given by Von Scheele et 


al, 


Percentage starch 199.07 

specific gravity — 201.172. . (2) 
I'he estimated solids and starch con- 
tent of potatoes at a given specific 


gravity is found in Table I. 


TABLE I.—Calculated Solids and Starch 
Content of Potatoes at Various 
Specific Gravities 


Spe Solid Starch Starch in 
Grav Solids (‘ 
1.06 15.99 10.16 63.3 
1.07 18.10 12.15 67.2 
1.08 20.21 14.15 70.0 
1.09 22.32 16.14 72.3 
1.10 24.44 18.14 74.2 


A standard potato may be assumed 
to contain about 20 per cent solid mat- 
ter and 80 per cent water; the starch 
content ranges from 65 to 75 per cent 
of the dry weight (6 Other infor- 
mation indicates that the solid matter 


may average as high as 25 per cent 
2). The variety of potato influences 


these values although the 20-per cent 
might prove a realistic 
average. ‘The varieties best for chip- 
ping include Russet Rural, Russet Bur- 
bank, Smooth Rural, Irish Cobbler, 
New Kennebec, Canus, Sebago, Katah 
din, and Cherokee (3) (4). 

After the potato the next important 
This 


oil is generally a high-grade vegetable 


figure more 


raw material is the cooking oil. 


product. 


Plant Ope ration 

lhe 
the 
for 


original recipe as carried in 
early cook books is still the basis 
successful chips. However, the 
original batch is largely 
superseded by semicontinuous or con- 
Production opera- 


process (2) 


tinuous operation 
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tions in all the plants visited during 
this survey were essentially of the 
continuous type and, except for minor 
variations, may be represented by the 
flow diagram in Figure 1. 

The potatoes, in 100-Ib sacks, are 
taken from storage and conveyed to a 
peeler equipped with high-speed abra- 
disks. The potatoes are then 
washed, trimmed, and sliced, yielding 
15 to 20 slices per inch. The slices 
are moved to a wash cage that rotates 
in a tank trough of water. Un- 
wanted starch is removed by a double 
rinse to prevent matting or sticking 
of the chips. After partial drying, the 
slices are dropped into the deep-fat 
The chips are then salted 


sive 


or 


cookers. 
and packaged. 

There are, of course, variations in 
the Some plants discharge 
the final rinse to the wash tank which 
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process. 
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FIGURE 1.—Flow diagram of potato chip 
processing showing waste sources. 
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overfiows to waste. One plant strains 
the peeler waste through burlap and 
the residual solids plus those settled 
in the wash tank are collected by a 
farmer for hog feeding. Another 
plant grinds all solids to facilitate 
water carriage of the waste. Most 
plants favor wasting to the sewer as 
a good housekeeping procedure. 

The primary sources of wastes are 
shown in Figure 1. Wastes derive 
from the peeler, trimming belt, slicer, 
wash, and rinse operations. Clean-up 
wastes, small amounts of waste oil, and 
sanitary sewage substantially comprise 
the remainder of the total waste load. 


Method of Study 


A series of studies of wastes from 
potato chip plants was made by the 
Sewage Disposal Section of the City 
of Cincinnati. ‘These studies consisted 
of 24-hr per day sampling for four or 
five consecutive days. The weighted, 
average BOD, suspended solids, and 
discharge values were used in this 
study. Full recognition is made of the 
cooperation of personnel of the Sewage 
Disposal Section of the City of Cin- 
cinnati who permitted the use of this 
information. 

The individual potato chip plants 
were solicited, either through the co- 
operation of the National Potato Chip 
Institute or by direct communication, 
for assistance in providing data on 
materials and production during the 
sampling period. In all instances, the 
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industry 
willingly. 

The data solicited included pounds 
of potatoes processed and their solids 
content and specific gravity, volume 
of chips produced, oil content of the 
chips, number of employees, and de- 
tails of the process. Earlier informa- 
tion (2) was used to supplement the 
new data collected. 

All results were compiled on the 
basis of a production unit of 1,000 lb 
of potatoes processed. In addition, a 
laboratory determination was made of 
the BOD of potato solids permitting 
correlation of the observed BOD in the 
sewer with that estimated from the 
pounds of dry potato solids discharged 
to the sewer. 


responded promptly and 


Results 


Unit values relating to plant opera- 
tion and chip processing are shown in 
Table Il. An average of 250 Ib of 
chips is produced for each 1,000 Ib of 
potatoes handled. Actual production 
ranges from 240 to 260 lb. Forty per 
cent of the final weight of an average 
chip consists of absorbed oil and the 


moisture content runs from 2 to 2.5 
per cent. Water used per 1,000 


pounds of potatoes varies from 1,450 
to 2,480 gal, averaging 1,990 gal. 
Pounds of BOD per 1,000 pounds of 
potatoes range from 14. to 308. 
Pounds of suspended solids per 1,000 
pounds of potatoes vary from 20.4 to 
36.4. 


TABLE II.—-Plant Operation and Wastes Discharged per 1,000 Pounds of Potatoes Processed 


| 


- 1 | Potato Waste BOD Suspended Solids 
Plant | Month E Chips* Flow 
(Ib) (gal) | 
(ppm) | (Ib) (ppm) (Ib) 
A July 0.9 240 2,480 | 730 15.0 820 24.3 
B Dec. 1.3 260 2,020 1,560 26.2 2,140 | 35.9 
C Oct. 1.0 240 2,000 1,850 30.8 2,199 | 36.4 
D Dec 2.3 255 1,450 1,200 14.5t 1,700 20.4t 
Avg 1.4 250 1,990 


* Average weight of oil on finished chip is 40 per cent. 


+t Much solid material was removed manually and did not reach the sewer. 
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TABLE III. 


Wt Chips» Produced 
f 00 
Ch 
Dry Wt It 
lb) 
A 177 240 234 OG 
B 210 260 25 104 
C 200 240 234 96 
DD 210 255 249 102 
Avg 200) 249 245 | 100 
*‘ Dry-solids variation probably seasonal 
\verage moisture content about 2.5 per cent 
Chip contains 40 per cent oil. 
1 Subtract weight of oil from dry weight of 


Subtract weight of dry solids produced fr 
BOD per pound of solids = 0.453. 
«Omitted from average 


value of 28.1 


be 

the 
quantity of water used, the maturity 
and solids content of the potato, the 
quality and exterior roughness of the 
the method of handling 
peelings and other solid wastes. The 
month of sampling is shown in Table 


unit values 


seasonal 


Variation in may 


caused by influences on 


potato, and 


Discussion 
Solids Content—BOD Re lationship 


The growth of the chipping indus 
try may be expected to continue, with 
a concomitant expansion of the water 
Considering that 45 mil bu 
or 2,700 mil lb of potatoes are chipped 
per year, the daily amount is roughly 
10 mil lb. Approximately 20 mil gal 
of required each day to 


process these potatoes. 


problem 


water are 
The potato chip plants studied are 


probably representative of the indus- 


try. ‘They vary in size, processing 
from about 5,000 to 80.000 Ib of po 
tatoes per day. 

Waste from a potato chip plant 


varies with the season as it influences 
the types of potatoes used and, conse- 
quently, the method of processing. It 
to believe that the 
solids content of the potato increases, 


is reasonable as 
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mioary 


as much solid material removed manually 


January 1959 


Solids Balance and BOD Relationship per 1,000 Pounds Potatoes 


Dry Solids¢ , BODt BOD in 

Produced St! Solids Le Sewer 
It hi (Ib) 
138 39 17.7 15.0 
150 60 27.2 26.2 
138 62 28.1 0.8 
147 63 28.5 14.5¢ 
143 3 25.4 25.0 


chips produced. 


weight of 1,000 Ib of potatoes. 


Replaced by adjusted 


the oxygen-demanding properties of the 
gross waste material will also increase. 
\lso, if solid materials such as peelings 
and small pieces of potatoes are re- 
other 
the waste load 


moved for disposal 
than water carriage, 
will be reduced. Plant A (Table II) 
at the time of the study (July) was 
handling a potato with low solids and 
it will be noted that the quantity of 
BOD produced was low. Plant D was 
removing solid material from the waste 
fl a corresponding reduction 
in the strength of the waste discharged. 


by means 


_ 
ow, witht 


Plants B and C were studied in the 
fall (October and December) and the 
waste values were in close agreement 
and much higher than values for 
Plants A and D. 


It was decided to evaluate the proc- 
on a dr 


ess y-solids basis and compare 
a calculated waste load with the actual 
load. For each plant, the fol 


information, 


waste 


lowing if available, was 


collected : a per cent dry solids in 
potatoes processed or specific gravity, 
from which the solids content was de- 
termined, b) 
duced, (e 
al d d 

‘| he 


shown 


pounds of chips pro- 

amount of oil in the chip, 
pounds of potatoes processed. 
of this are 
in Table ITI. 


evaluation 


results 


| 
| 
| 
De 
| 
| 
| 
| 
| 
| 
| 


Vol. 31, No. 1 


The BOD of a raw potato was de- 
termined in the laboratory. Two indi- 
vidual runs were made with the follow- 
ing results: 


lb BOD/ 


Run Solids (%) BOD (ppm) Ib Solids 
A 18.57 84,000 0.452 
B 18.70 85,000 0.455 

Avg 18.64 84,500 0.453 


Notice that for each pound of dry 
solids a BOD of 0.453 Ib will be ex- 
erted. Thus, by multiplying the dry 
potato solids lost by 0.453 the quantity 
of BOD discharged can be computed. 
The last column of Table IIL gives the 
BOD obtained from an analysis of the 
waste. Comparison of the results of 
determining the waste load by the two 
independent methods (last two col- 
umns of Table IIL) is extremely good. 
Deleting results for Plant D because 
of manual removal of much of the 
solids and adjusting for the remaining 
data, the calculated average BOD 
based on solids lost is 25.4 lb, while 
that obtained from an analysis of the 
waste in the sewer is 25.0 lb. The 
BOD population equivalent for each 
1,000 Ib of potatoes processed with 
the above characteristics would be 
about 150. 


Population Equivalent 


A previous study of potato-chip 
processing wastes (2) indicated a BOD 
population equivalent of 65 per 1,000 
pounds of potatoes. This estimate is 
low when compared with the present 
value of 150 per 1,000 pounds. How- 
ever, that study was made on a batch 
process and some solid materials such 
as sprouts and possibly peelings were 
hauled to a dump. The report (2) 
stated that the data were limited to a 
single plant and might not be truly 
representative of waste loadings at 
other plants. 

Several reports of wastes from po- 
tato dehydration processes appear to 
be of interest since these wastes may 
compare grossly to the wastes from 
chipping plants. Gray and Ludwig 
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(7) show dehydration wastes to con- 
tain 40 lb of BOD per ton of potatoes 
processed, amounting to 120 popula- 
tion equivalents per 1,000 pounds. 
Jones (8) reports a population equiv- 
alent of 12,000 for 40 tons of potatoes, 
or 150 per 1,000 pounds, which com- 
pares to results from the present 
study. DeMartini, Moore, and Ter- 
hoven (9) reported on two separate 
dehydrating plants. One plant dis- 
charged 3.28 pounds of BOD per 100 
pounds of potatoes, or a population 
equivalent of 398 per 1,000 pounds. 
The other plant discharged 4.57 pounds 
per 100 pounds or a population equiv- 
alent of 274 per 1,000 pounds of po- 
tatoes. 

The variation in these data probably 
results from the variety and maturity 
of potatoes used and the processing 
methods employed. A smooth potato 
with thin skin produces less waste than 
a rough potato with thick skin. Eval- 
uation of the wastes from these proc- 
esses on the basis of dry solids lost 
to the sewer would bring these studies 
to a common basis and might indicate 
a closer agreement. 


Waste Volume 


The volume of water used is a 
matter of importance both from the 
water-cost and viewpoints. 
Generally, a reduction in volume de- 
creases sewage disposal costs, although 
surcharges based on pounds of BOD 
or suspended solids probably will not 
change. Some attempts have been 
made to reuse water, particularly that 
clearer portion of the rinse waters. 
Filtering of the water prior to reuse 
has not proved practicable as the starch 
particles rapidly clog any filter me 
dium. Application of the 
current principle appears 
especially since the initial machine, 
the peeler, does not require high 
quality water. It would seem that 
considerable water could be saved by 
pumping the final rinse waters to the 
wash tank and using the wash-tank 
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overflow to 
discharging 


feed the peeler and then 
it to the sewer. No filter- 
ing or water conditioning would seem 
to be necessary. 


Housekeeping 


The method of housekeeping also 
influences the waste load. Where 
peelings and solid wastes are removed 
manually for dry disposal, the waste 
load is reduced appreciably. Plant D 
practiced this method and the BOD of 
the waste was reduced to nearly 50 
per cent of that estimated from the 
solids balance. Other plant operators 
feel that disposal to the sewer facili- 
tates the handling of waste solids. 

As previously stated, the BOD esti- 
mated from the solids balance approx- 
imated that obtained from the liquid 
waste. Thus, a question arises con 
cerning the accountability of the sani- 
tary sewage and clean-up wastes. The 
amount of those wastes appears limited 
and probably does not influence the 
total load appreciably. The number 
of employees per 1,000 pounds of po- 
tatoes averages only 1.4. In addition, 
some organic matter probably passes 
out through the ventilating stack dur- 
ing the cooking Cooking 
takes place at temperatures varying 
from 3875 to 325°F. When the raw 
chips reach the kettle, clouds of steam 
The steam probably 
contains some oil and volatile organic 
material from the potato. 


process. 


are generated. 


Disposal 


Probably the best method of waste 
disposal is discharge to a sewer for 
treatment with the municipal wastes. 
This method was employed by the sev- 
eral plants studied. Sinee chipping 
wastes are similar to canning wastes, 
treatment might be similar to that 
employed by canneries. <A chipping 
plant is reported (10) as planning 
to use a holding lagoon followed by 
spray irrigation. Odors from the la- 
goon will be controlled by aeration. 
Sodium nitrate applications may be 
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of some value. With suitable soil and 
proper land management, this method 
may prove satisfactory and _ results 
‘rom this installation should be of con- 
siderable interest. 

Trickling filters have been employed 
for treating canning wastes although 
the seasonal operation of canneries 
makes it difficult to develop effective 
treatment units. Year-round opera- 
tion of potato chip plants should per- 
mit more effective operation of trick- 
ling filters. Chemical coagulation has 
been used for partial treatment where 
untreated wastes may overload small 
municipal treatment plants. With the 
increasing importance of satisfactory 
waste disposal, industrial sites that 
minimize the waste problem should be 
selected. 


Summary 


The potato chip industry in 1957 
used 45 million bushels of potatoes or 


12 per cent of the total crop. Because 
of the interest in water usage and 


waste disposal, a study was made of 
several potato chipping plants to ob- 
tain representative values of water use 
and waste strength. The study in- 
volved analysis of data from a survey 
of chipping plant wastes and correla- 
tion of the data with production fig- 
ures and processing methods. 

The potato chipping process consists 
of peeling, trimming, slicing, washing, 
rinsing, drying, cooking, and packag- 
ing. Wastes originate primarily from 
the peeling, trimming, washing, and 
rinsing operations. 

Representative data from a study 
of four plants show that for each 1,000 
lb of potatoes handled the volume of 
waste amounts to 1,990 gal; the BOD 
amounts to 25 lb; and the suspended 
solids amount to 33 lb. 

Waste products vary with the po- 
tato variety and method of processing. 
If preliminary estimates of plant 
wastes must be made without a sam- 
pling study, it will be advantageous 
to use as a basis for computation the 
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dry solids lost in production. Excel- 
lent agreement was found between a 
calculated and an ‘‘actual’’ BOD. 
The average BOD estimated from 
solids wasted per 1,000 pounds of po- 
tatoes was 25.4 pounds. This com- 
pares to the 25.0 pounds actually 
found in the sewer. 

A dry solids balance can be com- 
puted using the solids content of the 
potato and the pounds of chips pro- 
duced after allowing for the oil and 
moisture content of the finished chip. 
Since it was found that each pound of 
dry potato solids exerts a BOD of 
0.453 lb, use of this conversion factor 
permits computation of the total BOD 
load from quantity of solids lost. If 
all wastes reach the sewer, the com- 
puted value will reasonably approach 
the BOD of the discharged liquor. 
Should some solids be removed for 
manual disposal, the value must be 
adjusted accordingly. 

A counter-current principle of water 
use would seem to hold promise for 
reduction of water consumption and 
of waste discharge. Although manual 
removal of solids reduces the waste 
load, the choice between manual and 
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water-carried disposal is a matter of 
economics and cleanliness, and is one 
that management must make. 

The residual amount of waste will 
require disposal. Discharge to the 
municipal sewerage system, with or 
without pretreatment, is probably the 
best method. Other methods that 
might be considered are lagooning with 
land application or spray irrigation, 
and trickling filters. Industrial plant 
sites that minimize waste disposal 
problems should be selected. 
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FACTORS AFFECTING THE AERATION EFFICIENCY OF 
SEWAGE AND INDUSTRIAL WASTES * 


By W. WEsLEY ECKENFELDER, JR. 


Assor 


ial 

Aeration in waste treatment is used 
principally for the transfer of oxygen 
This 
oxygen transfer is usually accomplished 
by diffusion from air bubbles discharged 
from submerged orifices. 


in the activated sludge process. 


In cases where 
high transfer rates are required a tur- 
bine is employed to increase the turbu- 
lent mixing and the mass transfer rate. 

The rate of oxygen transfer depends 
on the nature of the diffusion device, 
the submergence depth, and the air- 
flow In addition, the chemical 
nature of the waste mixture will affect 
the rate of oxygen diffusion. 


rate. 


Theory 


The mass transfer of oxygen from air 
to water is expressed by the relationship 
(the symbols used throughout this paper 
are defined in the Appendix) : 


R 


= 


Expressed in concentration units Eq. 1 
reads: 


K,a(c, é 


Gz) 
Since the measurement of interfacial 
areas is impractical in most cases, the 
over-all coefficient, K La, is usually em- 
ployed to define the aeration process. 
In the aeration of activated sludge, 
Kq. 2 must be further modified to ac- 
count for the effect of oxygen utilization 
by the sludge-liquid mixture (1) (2): 
de/dt = K,a(C, . (3) 


* Presented at the 13th Industrial Waste 


Purdue 
May 5-7, 1958. 


Conf., University; Lafayette, Ind.; 


’ 
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e Professor of Civil Engineering, Manhattan College, New York, N. Y. 


Under steady-state operation, dc/dt = 0 
and Eq. 3 becomes 


K za (4) 


It is apparent from the foregoing re- 
lationships that the rate of mass trans- 
fer will depend on the magnitude of 
the liquid film coefficient K, and on 
the interfacial area-volume relationship, 
A/V. 

Unpublished studies by the author 
indicate that, for bubble aeration in a 
column of water, where surface aeration 
is negligible, A, is related to the veloc- 
ity of bubble rise, the liquid submer- 
gence depth, and the diffusivity: 


Kt = jagos 

In Eq. 5, S. is the Schmidt Number 
relating diffusivity and kinematic vis- 
cosity. 

The interfacial area-volume relation- 
ship, A/V, for diffused aeration may be 
expressed : 


6 Gh 
V (9) 

The first term expresses the 
volume relationship for the bubble sur- 
face and the second for the tank surface. 

For depths normally employed in 
aeration practice (10 to 15 ft) the term 
1/h becomes small with respect to the 
bubble surface and can usually be neg- 
lected. For example, in an aeration 
tank of 15 ft depth with an air flow of 
20 cfm per 1,000 cu ft of tank volume 
and a bubble diameter of 0.1 in., A/V 
for the bubbles will be 1.8 and for the 
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surface, 0.067. The term, 1/h, repre- 
sents a smooth surface, but because of 
the high degree of surface turbulence 
the interfacial area will be considerably 
greater. To compensate for this a con- 
stant, 8), is included in Eq. 6 (8; > 1.0). 
Equations 5 and 6 can be combined to 
define the over-all coefficient, Ky a, 
where the surface effect on the*A/V 
ratio is neglected: 

BG,h'-™ 


a 


(7) 

At the high air-flow rates normally 
employed in aeration practice the bubble 
diameter can be related to an exponen- 
tial function of the gas rate: 


The exponent, n, relates to both varia- 
tion in bubble size with air-flow rate 
and turbulence as influenced by tank 
geometry. Equation 7 can be com- 
bined with Eq. 8 for any operating 
temperature: 


= N 


in which 
B 


N 


A similar relationship was developed 
by King (3) to define the performance 
of diffuser plates in activated sludge 
spiral-flow aeration tanks: 


. (9a) 


in which the magnitude of the expo- 
nents x, 2’, and x” depends on the per- 
centage of diffuser plate area on the 
tank bottom. 

Equation 9 can be employed to char- 
acterize the performance of any diffused 
aeration device. For comparative pur- 
poses it is convenient to express Eq. 9 
as an absorption number, N: 


Ts 


1 


In Figure 1 oxygen transfer data for a 
sparger unit in a circular aeration tank 


AERATION EFFICIENCY 


20 
SCFM / UNIT 


FIGURE 1.—Oxygen transfer characteristics of 
a Sparger aeration unit. 


are correlated according to Eq. 10. 
Values for typical diffusion units in 
water and various wastes are shown in 
Table I. 

When turbine aeration is employed, 
the bubble size and hold-up are influ- 
enced by both air rate and turbine 
speed. The bubble diameter has been 
shown to vary inversely as the three- 
halves power of the peripheral speed 
(4). Oxygen absorption in the turbine 
aerator will be related to the air-flow 
rate and the power input to the rotating 
agitator. A general relationship which 
has been employed is (5): 


Data for two types of turbines aerating 
domestic sewage and a pulp and paper 
mill waste are shown in Figure 2. 


Aeration Devices 


The oxygen transfer capacities of the 
various types of aeration equipment 
now in use are primarily related to the 
size of bubble generated and the veloc- 
ity gradients established in the tank 
liquid. 

Brief descriptions of the more com- 
mon aeration devices follow: 


1. Small orifice diffusion units. These 
units are placed permanently in the 


: 
3000 
2000 
@ 100 
1000 
300 
: 
200 
5 40 
3 
4 


SEWAGE AND INDUSTRIAL WASTES 


TABLE I.—Oxygen Transfer Characteristics of Diffused Aeration Equipment 


Absorp- 
tion 


Waste Number, 
N 


Diffuser Unit 
l—n 


Sulfite 0.85 
Sulfite 1.0 
* Sulfite } 1.35 
Sulfite 1.10 


Aloxite tubes* 
Plastic tubes* 
Sparge 
Impingement* 


Sulfite 
hewage 
sewage 


Pulp & paper 


Disc-typet 1.20 
0.86 
0.86 
1.35 
») & paper 0.95 
» & paper 0.81 
» & paper 95 1.10 
» & paper 1.10 


eparg 
Impingement 
Impingement 
Carborundum | 0.80 


Jet Pharmaceutical | 1.00 


* Ref. 7. 
+ Data of Chicago Pump Co, 
t Ref. 3. 


bottom ofjan aeration tank (plates) or 
suspended from flexible joints along the 
side wall of a tank (carborundum and 
plastic tubes). When air is diffused 
through these units a helical or screw 
motion is imparted to the sludge-liquid 
mixture. 

2. Sparger units. These units con- 
tain four short tube orifices. The four 
tubes are in the form of a cross from 
which air is emitted at high velocity. 

3. Dise-type units. These units emit 
air from the periphery of the disc. The 
operating characteristics of this unit 


Expo- 
nent, 


January 1959 


Depth, 
h Description 


(| Three units in 12 X 5 ft tank; operating 
temp., 20°C; new clean tubes. 

Three units in 12 X 5 ft tank; operating 
temp., 20°C; impingement liquor flow, 18 
gpm; air flow range, 8 to 16 scfm per unit. 

Column diam., 30 in.; depth, 13 ft. 

Aeration tank 30 ft wide, baffled walls; high- 
rate activated sludge; SS-2000 ppm. 

Two units placed on center line of one-half 
of a 14-ft diam. tank 

Aeration bay 116 ft long; surface area 2780 
sq ft; activated sludge; SS-2000 ppm; 100 

my. 
above but after six months service; 
ts were partially clogged. 

s 137 X 22 X 26 ft deep; diffuser plate 
area equaled 12% of tank area. 

Shutte-Koerting jet #00SK; flow, 3-5 gpm 
at 20 to 65 ft head in 55 gal drum. 


appear to be similar to those of the 
sparger unit. 

1. Impingement aerator. This unit 
employs a liquid stream, air-lifted from 
the aeration tanks, as a shearing device 
for air bubbles discharged from a large 
orifice. 

5. Jet aerator. This unit pumps 
liquid from the aeration tanks through 
a piping manifold. The device aspi- 
rates and disperses atmospheric air or 
air from a blower. 

6. Turbine aerator. This unit uti- 
lizes a rotating turbine or agitator to 
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FIGURE 2.—Oxygen transfer characteristics of turbine aeration units. 
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disperse compressed air by a shearing 
and pumping action. 


Factors Affecting Oxygen Absorption 
Effect of Air-Flow Rate 


The volume of bubbles produced from 
small orifice diffusion units is related 
to the orifice size. For carborundum 
plates (3) the diameter of air bubbles 
has been found to vary from 0.20 to 
0.43 em over a permeability range of 
40 to 120.* 

The mean diameter of bubbles pro- 
duced at high air-flow rates is an expo- 
nential function of the flow rate as 
shown by Eq. 8. Data from four dif- 
fusers employed by Pasveer (6) showed 
the exponent, n, to vary from 0.10 to 
0.44. 

In evaluating aeration equipment it 
is more convenient to consider the ex- 
ponent, 1—n, as related to the over-all 
coefficient, Kza (Eq. 9). The expo- 
nent will also reflect the effect of tank 
turbulence and geometry as previously 
noted. 

For small orifice diffusion units (car- 
borundum plates and tubes, seran tubes, 
ete.) the exponent is less than 1.0, indi- 
cating an increasing bubble size w't1 
increasing air flow. For carborundum 
plates, King (3) has shown an increase 
in bubble size of 10 per cent over an 
air-flow range of 1 to 4 cfm. Over a 
wide range of bubble fineness and dis- 
persion, Gaden and Hixon (2) showed 
the exponent, 1—n, to vary from 0.33 
to 0.82. For these devices, when 1—n 
is less than 1.0, the absorption efficiency 
decreases with increasing air-flow rates. 
Data for several commercial orifice dif- 
fusion units are tabulated in Table I. 
The transfer characteristics of several 
aeration devices are shown in Figure 3. 

In the case of high air-flow rates using 
the sparger and disc-type units, tank 
turbulence tends to redivide larger bub- 
bles into smaller bubbles increasing 
both the surface renewal rate and the 

* Permeability is defined as the volume of 
air (cfm) passing through 1 sq ft of diffuser 
surface at 70°F, 25 per cent relative humidity, 
and a pressure loss of 2 in. of water. 
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FIGURE 3.— Oxygen transfer characteristics of 
several aeration devices. 


A/V ratio. When this occurs, the ex- 
ponent, 1—n, may be greater than 1.0, 
resulting in increased transfer efficiency. 
This phenomenon, however, is related 
also to tank geometry and the location 
of the diffuser unit. It will be observed 
from Table I that sparger units cen- 
trally located in the sulfite test tank 
showed exponents greater than 1.0. 
For similar units in the sewage and pulp 
and paper waste tanks the exponent 
was less than 1.0. Similar effects were 
reported for the dise-type unit in studies 
conducted by the Chicago Pump Com- 
pany. This emphasizes the importance 
of relating absorption efficiency to ac- 
tual tank conditions. 

The bubble size released from the 
impingement aerator depends on the 
quantity of impingement liquor deliy- 
ered by the circulating air-lift pump. 
Absorption has been shown to increase 
linearly with impingement-liquor flow 
(7). 

The exponent, 1 —n, for a jet aerator 
has been found to be 1.0, indicating no 
change in bubble characteristics with 
air flow. The absorption efficiency has 
been found to remain constant over the 
range for which data are available. 


Effect of Depth 


The oxygen transfer process in dif- 
fused aeration occurs in three phases: 
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TABLE II.—-Some Values of Depth 
Exponent, 1—m 


Exponent, 


Diffuser in still water column 0.67 
Plate diffuser* 0.71-0.77 
Sparger 0.78 
Aloxite tubet 0.45 
Impingement} 0.65 
* Data of King (3 
t Data of Dreier (7 


a) during bubble 
and 
the tank surface (7) 


ing bubble rise; 


face renewal at 


Surface aeration is caused by the shed- 


ding of oxvgen-saturated films when the 


bubble bursts and from reaeration in- 
duced by velocity gradients 
relative values of the film coefficient 
bubble formation and surface 
aeration are greater than the coefficient 
during bubble rise, 


during 


the over-all coeffi- 
cient will decrease with increasing depth 
Over the range of depths employed, the 
over-all coefficient, Aya, in industrial 


TABLE III. 


10 
12 


14 


* Pulp and paper waste; aeration tank depth, 


scfm per 1,000 cu ft of tank volume. 


Pulp and paper waste; aeration tank depth 


ivering 28 scfm per 1,000 cu ft of tan] 
Sewage; aeration tank depth, 15 ft 
1S scfm per 1,000 cu ft of tank volume; Ref. 4. 
At 8 ft from tank center line. 
At center lin 


At 9 ft from tank center line. 
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formation; (b) dur- 
Cc) through inter- 
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zontal Velocity 


volume, 
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waste aeration systems can be approxi- 
mated by an exponential function of 
depth. The depth exponent, -m, 
has been determined experimentally 
for several diffused aeration systems. 
These values are summarized in Table 
II. There is some experimental evi- 
dence that the depth exponent, 1—m, 
for turbine aerators approaches 1.0, in- 
dicating no change in absorption with 


tank depth. This is not unreasonable 


when one considers that the fluid regime 
of a turbine aeration system approaches 
a homogeneous condition at all depths. 


Effect of Circulating Velocity 


The rate of interfacial renewal in an 
aeration tank is proportional to the 
velocity of the bubble relative to the 
tank liquid. High cireulating veloci- 
ties will produce large values of the 
liquid-film coefficient, Ay. In addi- 
tion, interfacial rates at the 
tank surface will be related to velocity 
gradients at the surface. 


renewal 


The horizontal velocities in aeration 
tanks for several commercial diffusion 


Velocity Variations with Various Aeration Devices 


Horizontal Ve 


Ipn iIpm 
i 


| 
15 ft; width, 24.5 ft; spargers delivering 30 


15 ft; width, 24.5 ft; impingement diffuser 


width, 34.75 ft; double row of diffuser plates delivering 
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AIR FLOW - 30 SCFM/I000 CU FT 


235 297 


1.21 


DEPTH IN FT BELOW LIQUID SURFACE 


2.47 


~ 


FIGURE 4.--Circulating velocities (fps) in an activated sludge aeration tank. 


devices are summarized in Table III. 
The surface velocity measured by King 
(3) in a 34-ft-wide aeration tank was 
found to vary from 4.3 fps above the 
diffuser plates to 2.1 fps near the side 
wall opposite the plates. A velocity 
profile obtained in an activated sludge 
aeration tank treating pulp and paper 
mill wastes is shown in Figure 4. The 
data shown on Figure 4 were obtained 
by lowering a current meter to the indi- 
cated depths. For all of the aeration 
devices included in these studies the 


liquid velocities near the surface ranged 
from 2.0 to 4.0 fps and from 0.5 to 2.0 
fps at greater depths. 

A traverse made of DO values at 
various points in the aeration tank de- 
scribed above showed the DO to be 
substantially constant throughout the 
tank. It is therefore reasonable to 
expect that at the turbulence levels 
encountered in commercial aeration 
practice no concentration gradient will 
exist in the aeration tank itself. 
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Effect of Temperature 

The over-al! transfer coefficient, K za, 
will be affected by changes in operating 
temperature. Temperature influences 
the diffusivity of oxygen in water as 
well as other physical variables in the 
aeration process. Several formulations 
have been proposed to define this effect 
(8) (9). Recent studies by Truesdale 
and Vandyke (11) indicate a possible 
variation in temperature effect of 1.0 to 
1.5 per cent per degree Centigrade de- 
pending on the aeration conditions. 
From data available at the present time 
Ka can be expected to increase about 
2 per cent for each 1°C rise in tem- 
perature. 
Effect of Waste Characteristics 

Wastes will exhibit variable capacity 
for mass transfer under defined aeration 
conditions. The specific cause of the 
variation in the over-all mass transfer 
rate has not been established. <A re- 
duction in K, has been attributed to 
an adsorbed layer of surface active 
agent at the air-liquid interface which 
may retard the bubble velocity and sur- 
face renewal rate and create a diffusion 
barrier. The interfacial area for trans- 
fer is also influenced by a change in the 
effective bubble size (7) (10). 

In the presence of high concentra- 
tions of proteins and certain other or- 
ganies the observed transfer rate may 
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be greater than the rate in tap water 
while at low concentrations the rate is 
less than the tap-water rate. This phe- 
nomenon has been observed in studies 
of pharmaceutical and synthetic fiber 
wastes. 

As bio-oxidation proceeds, and con- 
taminants are destroyed by oxidation, 
the transfer rate approaches the water 
value. Typical data obtained from lab- 
oratory studies for various industrial 
wastes are shown in Table IV. 


Effect of Defoaming Agents 

As a result of the increasing use of 
defoaming agents in activated sludge 
plants, the effects of low concentrations 
of some common agents on the transfer- 
rate coefficient were studied. Both sili- 
cone and oil base defoaming agents were 
used in these studies. The results, sum- 
marized in Table V, were obtained by 
aeration in a four-liter circular column 
using an aloxite diffuser stone. Follow- 
ing a nitrogen purge, the increase in 
dissolved oxygen at various air flows 
was measured polarographically. The 
transfer coefficient, K ,a, was calculated 
from the integrated form of Eq. 2. The 
coefficient, a, was computed as the ratio 
of Kya in the test solution to Kyza in 
water at the same air flow. The co- 
efficient, a, was independent of air flow 
in these studies. 


TABLE IV.—Summary of Oxygen Transfer Characteristics of Some Industrial Wastes 
and Their Bio-oxidation Effluents 


BOD a 
Waste —_ 
| Influent | Effluent Influent | Effluent 
Paper repulping* | 50 | | 0.77 
Semi-chemical machine backwater* 1872 | — 1.40 | — 
Mixed Kraft mill 150-300 37-48 0.48-0.86 | 0.70-1.11 
Pulp and paper (bleach plant) f 250t | 30t 0.83-1.98 | 0.86-1.0 
Pulp and paper (pulp mill)f 205t | — 0.66-1.29 — 
Pharmaceutical 4500 | 380 1.65-2.15 | 0.73-0.83 
Domestic sewage (fresh) 180 9 0.8 | 0.98 
Synthetic fiber 5400 585 1.88-3.23 | 1.04—2.65 
soard mill | 660t | 0.53-0.64 | 


* Paper repulping and semi-chemical wastes mixed prior to bio-oxidation. 


t Bleach plant and pulp mill wastes mixed prior to bio-oxidation. 


} Average values 
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TABLE V.—-Effect of Various Anti-foams on the Oxygen-Transfer Coefficient Ratio, a 


Anti-foam | 
Concen- 


| | 


Anti-foam Type Solution* | a | a’t | o./out 
(ppm) | | | 
A (silicone base) 5 } Water 0.950 | 0.814 
do | | 0.815 | 0.745 
B (oil base) 5 0.750 | 0.864 
do | 10 | | | 0.700 | | 0.765 
C (oil base) 5 | | 1.050 | 0.831 
do | | 1.075 | 1.00 
D (oil base) | 5 | | 0.965 | 0.896 
do 10 | | 1.140 | 0.975 
| 
do 25 | | 1.140 | 
A (silicone base) | 5 500-ppm_ peptone | 0.550 | O.880 | 0.686 0.930 
do 25 | 0.500 | 0.880 | 0.651 0.894 
B (oil base) 5 | 0.575 | 1.00 | 0.675 0.915 
do 10 | | 0.635 | 1.310 | 0.686 | 0.930 
do 25 | | | 0.475 | 0.840 
C (oil base) 5 0.590 | 1.110 | 0.691 0.936 
do 10 0.520 1.130 | 0.728 | 0.988 
do 25 | 0.505 0.950 
D (oil base) 5 | 0.445 0.840 0.730 | 0.991 
do 25 0.470 | 0.885 | 0.721 | 0.980 
(silicone base) Syn.-fiber waste 1.64 | 0.870 
| 
do Bio-oxidation eff. | 1.04 0.53 
0.65-0.79 


do — | Water 


* Temp., 25°C. 


(mixture) 


t a’ = ~ 
Kya (500-ppm peptone) 
surface tension (mixture) 
surface tension (1% KCl) 
surface tension (mixture) 
Qo, = 


Transfer Rates in Waste Systems 
Daily Variation 


The oxygen transfer rate in waste 
treatment systems has been observed 
to vary from day to day. ‘Cases where 
more than one set of results was avail- 
able are indicated in Table IV. This 
variation can be attributed to changes 
in the chemical composition of the 
waste, variation in aeration solids, and 
variation in the physical characteristics 
of the aeration system (temperature, 
pressure, ete.). The variation in rela- 
tive transfer rate for a combined Kraft 
mill waste and its bio-oxidation effluent, 
evaluated over several weeks, is shown 


surface tension (500-ppm peptone) 


in Figure 5. These data were obtained 
by aeration under standard conditions 
in a one-liter cylinder. Over a 45-day 
period, with daily measurements, the 
variation encountered in the aeration 
of pulp and paper mill wastes with acti- 
vated sludge, using spargers, showed 
that 10 per cent of the time A ,a@ was 
equal to or less than 3.4, and 90 per cent 
of the time Ka was equal to or less 
than 8.0. This variation can be com- 
pensated for in practice by maintaining 
at least 2 ppm DO under average con- 
ditions and constant air flow. For the 
example previously cited, at a 10 per 
cent frequency level the DO would be 
0.5 ppm. 
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% OF TIME © IS EQUAL TO OR LESS 
THAN INDICATED VALUE 


FIGURE 5. -Variation in oxygen transfer rate. 


Oxrygen {bsorption fied: ney 
When comparing aeration devices or 


evaluating absorption in various wastes 


to consider absorpt On 


Che absorption wencles 
Table I, at nea 


Is Important 


efficiency 


for the units shown in 
optimum air-flow rates, are show! 
lable VI. 

From Table VI it can be seen that 


the absorption efficiency varies with the 
nature of the waste and the geometry 
For example, 10 
oxygen absorption 


of the aeration tank. 


per cent was ob- 


tained with a sparger unit emitting 16 
cfm in sulfite waste contained in a rec- 


TABLE VI.—Oxygen Absorption Efficiency 


of Aeration Devices 


Oxvgen* 
b 
cfm 
Al ibes | Sulfit l 6 13 
PI ib 15 6 10.0 
5 15 16 10.0 
fr 15 12 11.7 
D t 13 16 98 
15 16 8.6 
Sp P «& | 15 16 0 
15 16 
15 16 8.6 
Jet I i i 0.5 24.8 
* Zero dissolved oxygen 
t Activated sludge plant. 
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tangular tank. At the same air-flow 
rate the absorption was 8.6 per cent for 
sewage in aspiral-flow tank. The trans- 
fer ratio, a, for this sewage could be 
expected to range from 0.75 to 0.85. 
For a pulp and paper waste in a spiral 
flow aeration tank the absorption was 
9.8 per cent. Similar observations can 
be made for the other types of aeration 
devices. 


Measurement of K,a 
Vece ssity 


The performance of commercial aera- 
tion devices in sulfite-waste oxidation 
studies has been reported in the litera- 
ture (3) (7 When tank geometry is 
similar and data are available on the 
the 
relative to water, the sulfite data may 
In many 
Variations in the physi- 


transfer characteristics of waste 
be used for aeration design. 
cases, however, 
cal arrangement of the equipment and 
changes in the chemical nature of the 

aste necessitate evaluation of the oxy- 
ven transfer characteristics under actual 
The test 
dures which may be employed for such 
study are 


operating conditions proce- 


summarized below. 


ady-State Aeration Activated Sludqe 


In those causes where the waste load- 
ing is reasonably constant and the oxy- 
gen-uptake rate does not vary markedly 
with time, the transfer coefficient, A ,a, 
The DO 
in the tank liquor and the oxygen-up- 
take 


can be evaluated from Eq. 4. 


rate can be measured by polaro- 
graphic or chemical methods in the 
field. The saturation value employed 
in Eq. 4 is computed for the midpoint 
of the tank depth. 

The oxygen-uptake rate is affected 
by the turbulence level maintained in 
the aeration tanks. Since the polaro- 
graphic procedure does not reproduce 
tank turbulence conditions at high tur- 
bulence levels encountered in turbine 
aeration systems, analysis of the exit 
gas by an oxygen gas analyzer or Orsat 
apparatus will more accurately record 
the uptake rate. 
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The average uptake rate is obtained 

bv averaging the exit gas content at 

several points across the surface of the 

aeration tank. 

Activated 


Non-steady-State Aeration 


Sludge 


An accurate measure of the transfer 
coefficient, K,a, can be obtained by a 
non-steady-state procedure under stabi- 
lized operating conditions. When the 
air is turned off or reduced to a low level 
in the aeration tanks, the dissolved oxy- 
gen will approach zero through micro- 
bial respiration. After DO is absent 
from the system the air rate is returned 
to its operating level and samples are 
withdrawn at one-minute intervals for 
DO measurement. Sampling is con- 
tinued until a steady-state condition is 
approached. The oxygen-utilization 
rate is determined as previously de- 
scribed. The Ka value for the system 
is computed by a graphical method 
employing Eq. 3. Tangents are drawn 
to several points on the curve produced 
by a plot of DO against time. From 
these, de/dt at a corresponding value 
of DO is computed. 


Non-steady-State Aeration 

In many cases it is desirable to deter- 
mine the transfer coefficient, A a, in 
aeration tanks without activated sludge. 
The DO present in the waste water can 
be removed by adding sodium sulfite to 
which cobalt has been added as a cata- 
lyst. Air is then admitted at the de- 
sired level and the DO measured at 
one- or two-minute intervals after the 
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sulfite is oxidized. ‘The transfer coeffi- 
cient, Ka, is computed from the slope 
of a plot of C,—C, vs. time of aeration. 
By repeating this procedure for various 
depths and air rates, the absorption 
number, N, for the system can be cal- 
culated. The data shown in Figure 1 
were obtained in this fashion. 


Summary and Conclusions 


The oxygen-absorption capacities of 
aeration devices are influenced by: air- 
flow rate, depth of submergence, tem- 
perature, and tank turbulence. In the 
aeration of industrial wastes the rate of 
absorption will be further influenced by 
the chemical nature of the waste. 

Most wastes exhibit a tendency to 
reduce the transfer rate as compared 
with water. A few wastes have been 
observed to increase the transfer rate, 
particularly at high waste concentra- 
tions. The variations in transfer rate 
will be reflected by changes in waste 
characteristics. 

The performance of commercial aera- 
tion devices and effects of waste char- 
acteristics can be correlated in terms of 
an absorption number. The absorption 
number can be used for aeration design 
and operation where operating condi- 
tions are the same as test conditions. 
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= Interfacial area for transfer; 
Ratio of interfacial area to liq- 
uid volume; 

= Transfer ratio; ratio of Kya of 
test solution to Kya of water; 

Ba, Bs = 

Dissolved oxygen concentration 
in the liquid; 

= Saturation of oxygen in water 
or waste at mean depth and 
average oxygen concentration 
in the gas phase; 


constants; 


, = Mean diameter of air bubble; 


= Air flow; 
= Tank liquid depth; 


, = Over-all liquid-film coefficient ; 


= Over-all oxygen-transfer coeffi- 
cient; 
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SYMBOLS 


m = Depth exponent; 

n = Gas rate exponent; 

N = Absorption number; 

N, = Peripheral speed ; 
6’ = Exponents; 

Fk} = Mass transfer rate ; 


Oxygen-uptake rate ; 

S. = Schmidt Number; ratio of kine- 
matic viscosity to diffusivity 
coefficient ; 


VY = Volume of liquid under aera- 
tion; 
V, = Superficial air velocity ; 
v, = Velocity of air bubble relative 
to tank liquid; 
r, x’, 2" = Exponents. 
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Stream Pollution 


ACTIVITIES OF THE INTERNATIONAL JOINT 
COMMISSION, UNITED STATES AND CANADA * 


By Evucene W. WEBER 


Commissioner, United States Section, International Joint Commission, 
Washington, D. C. 


In this presentation on the activi- 
ties of the International Joint Com- 
mission, it is the intention to describe 
briefly the origin and purpose of the 
Commission and to outline its duties 
and current activities, pointing out 
particularly those aspects of the work 
related to air and water pollution. 
The pollution problems are of particu- 
lar significance in the Detroit area 
and in the connecting channels of the 
Great Lakes generally. 

Briefly, the International Joint Com- 
mission, United States and Canada, 
consists of three representatives from 
each country charged with the duty 
of carrying out the purposes of the 
Boundary Waters Treaty of 1909 
through the exercise of certain dele- 
gated powers and through the conduct 
of investigations and studies leading 
to recommendations for action by the 
two Governments. 


Background 

The Treaty of 1909 had its origin at 
the turn of the century when it be- 
came increasingly apparent to inter- 
ests in both countries that there was 
need for improved procedures for set- 
tling the problems that had already 
arisen and the additional problems 
that could be expected to arise in the 
future regarding the use of waters 


* Presented at the 31st Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; Detroit, Mich.; Oct. 6-9, 1958. 
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flowing along and across the boundary 
and into and out of boundary waters. 
There are more than 3,000 miles of 
boundary between Canada and the 
United States from the Atlantic to the 
Pacific, and some 2,000 miles between 
Alaska and Canada. 

The 1909 Treaty was negotiated and 
entered into pursuant to recommenda- 
tions of a temporary International 
Waterways Commission which analyzed 
the current and possible future prob- 
lems along the boundary and recom- 
mended a permanent organization to 
deal with them. The Treaty declares 
it to be the purpose and desire of the 
Contracting Parties: 


To prevent disputes regarding the 
use of boundary waters and to settle all 
questions which are now pending be- 
tween the United States and the Domin- 
ion of Canada involving the rights, ob- 
ligations, or interests of either . . . along 
their common frontier, and to make pro- 
vision for the adjustment and settlement 
of all such questions as may hereafter 


The current membership of the per- 
manent six-member Commission created 
by the Treaty is composed of three 
members from each country. These 
are, for Canada: General A. G. L. Me- 
Naughton, Chairman; Mr. J. Lucien 
Dansereau, Quebec; and Dr. D. M. 
Stephens, Manitoba; and for the 
United States: The Honorable Douglas 
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Chairman; Mr. Francis L. 
and Mr. Eugene W. Weber. 


McKay, 
Adams ; 


Responsibilities 


The Commission’s responsibilities 
fall into two general categories: (a) 
the duty of approving or rejecting ap- 
types of works 
in boundary waters or waters crossing 
the boundary that would have the ef- 
fect of raising water levels at the 
boundary; and (b) performing the 
investigating and making 
recommendations to the Governments 
of Canada and the United States on 
specific problems along the boundary 
whenever the two Governments so re- 


plications for various 


function of 


quest. 

The first category covers applications 
which may be made by individuals or 
public or private agencies for works 
in either country designed to utilize, 
obstruct, or divert boundary waters 
whenever such works would affect the 
natural level or flow of boundary wa- 
ters on the other side of the line. An 
example of this type of situation is 
the St. Lawrence Power Project. 

Similarly, for 


the 
wa- 


works designed 
use, obstruction, or diversion of 
ters flowing out of boundary waters or 
after they have the 
boundary that would have the effect ot 
raising water levels at the boundary 
require approval of the Inter- 
Joint An ex 
ample of the latter type of situation is 
the project on the 
Kootenai Montana. This is 
currently before the Commission. 


waters crossed 


also 
national (‘ommission. 
proposed Libby 


River in 


The procedure involved in either of 
the foregoing situations calls for sub 
mission of an application to the Com 
mission by either Government or by 
agencies through their 
ensure that 
the application is in conformance with 
any requirements of the Government 
within its own jurisdiction. In the 
ease of works involving both countries, 
such as the St. Lawrence Project, the 


individuals or 


Government This is to 
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usual practice is for parallel applica- 
tions to be submitted. 

Upon receipt of an application, the 
Commission notifies all concerned and 
arranges for public hearings and other 
opportunities for the Governments or 
other interests to file formal state- 
ments. After consideration of the rep- 
resentations of all concerned, the Com- 
mission is charged by the Treaty with 
the duty of issuing an Order of Ap- 
proval for those applications found to 
be acceptable and of ensuring in its 
Order of Approval compliance with 
certain principles and protection and 
indemnification against injury of any 
interests affected by the project. 
Among the major principles to be ob- 
served are that each Government shall 
have equal and similar rights in the 
use of boundary waters and that the 
following order of preference shall be 
observed : 


1. Uses for domestic and sanitary 
purposes. 
2. Uses for navigation. 


3. Uses for power and irrigation. 


The second general category of the 
Commission’s duties is that of making 
investigations and studies of specific 
problems when requested to do so by 
the Governments. Under Article IX 
the Commission may be requested to 
study and make recommendations on a 
question by either Government. This 
feature of the Treaty has often been 
utilized. 

Under Article X of the Treaty, the 
Commission may be requested to ex- 
amine into and report upon a problem 
and to render a decision or finding 
upon the matter which will be bind- 
ing upon the parties providing both 
Governments have agreed in advance 
to refer the question on that basis. 
This provision of the Treaty has not 
vet been utilized by the two Govern- 
ments. 


Recent Considerations 


Among the more recent and current 
activities of the Commission are: (a) 
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the comprehensive studies of possible 
development of the Columbia River 
Basin, principally involving hydroelec- 
tric power projects, (b) studies of sev- 
eral situations from the Continental 
Divide to the Red River of the North, 
involving principally the apportion- 
ment of waters utilized for irrigation 
and other consumptive uses, (c) the 
Lake of the Woods watershed includ- 
ing Rainy Lake and the Northwestern 
Chain of Lakes, where levels of the 
waters are of importance from both 
power and recreational standpoints, 
and where the pollution problem has 
recently arisen, (d) the Great Lakes- 
St. Lawrence System where lake levels, 
navigation, water supply, pollution 
problems, the preservation of Niagara 
Falls, and the St. Lawrence Seaway 
and Power Projects have been studied, 
and (e) the St. Croix and St. John 
River basins in the Northeast and the 
possibilities of developing power from 
the tides at Passamaquoddy. 


Pollution Problems and Studies 


Of these activities the air and water 
pollution problems are important seg- 
ments. 

The studies of air pollution under 
the jurisdiction of the Commission had 
their origin primarily in the problem 
of smoke from vessels traversing the 
international waters past Detroit and 
Windsor. Study was also given, how- 
ever, to the problem of air pollution 
from land sources, but the report 
which the Commission hopes to submit 
to the two Governments in the near 
future will be aimed primarily toward 
the establishment of procedures to per- 
mit effective control of the emission of 
smoke from vessels using these inter- 
national waters. 

With respect to water pollution, the 
Boundary Waters Treaty of 1909 stip- 
ulated that boundary waters and wa- 
ters flowing across the boundary be- 
tween Canada and the United States 
should not be polluted on either side 
to the injury of health or property on 
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the other side. The ‘'reaty did not 
designate specific procedures to en- 
sure compliance with this agreement. 
Accordingly, water pollution problems 
have been handled under the general 
provisions of Article 1X, under which 
considerations of any kind can be re- 
ferred to the Commission for investi- 
gation, report, and recommendation. 

The first studies of the water pollu- 
tion problem pursuant to the Treaty 
were undertaken by the Commission 
at the request of the two Governments 
in 1913. After examination of the 
problem along all boundary waters the 
Commission’s report to the two Gov- 
ernments recommended specific reme- 
dial measures, but the outbreak of 
World War I and later events pre- 
cluded normal consideration of the re- 
port, with the result that the Govern- 
ments did not take joint or coordinated 
action on the Commission’s recom- 
mendations. 

In April 1946 the two Governments 
again asked the Commission to study 
the pollution problem, requesting the 
study of specific areas encompassing 
essentially the connecting channels of 
the Great Lakes from Sault Ste. Marie 
to the Niagara River. 

One of the first steps under the 1946 
reference was the appointment by the 
Commission of a board of sanitary 
experts to act as technical advisers. 
The board appointed for the connect- 
ing waters of Lakes Superior, Huron, 
Erie, and St. Clair included repre- 
sentatives from the Federal health 
agencies of the United States and 
Canada, as well as representatives of 
the State of Michigan and the Province 
of Ontario. <A similar board for the 
Niagara area included similar Federal 
representatives as well as representa- 
tives from the State of New York and 
the Province of Ontario. 


Recommendations 
After exhaustive investigations over 


a period of three years, including field 
surveys, laboratory analyses, and office 
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studies, the Commission received a 
comprehensive report from its board 
of advisers in 1950 and submitted 
recommendations to the Governments 
of Canada and the United States for 
adoption of Objectives for Boundary 
Waters Quality Control that would, in 
general, provide that all wastes, in- 
cluding sanitary sewage, storm water, 
and industrial effluents, shall be in 
such condition when discharged into 
any stream that they will not create 
conditions in boundary waters which 
will adversely affect the use of those 
waters for the following purposes: (a) 
source of domestic water supply or 
industrial water supply, (b) naviga- 
tion, (¢) fish and wildlife, (d) bathing, 
(e) recreation, (f) agriculture, and 
(g) other riparian activities. The 
Commission also recommended that it 
be specifically authorized by the two 
Governments to establish and maintain 
continuing supervision over boundary 
waters pollution through boards of 
control. 


Advisory Boards 


The two Governments approved the 
Commission ’s recommendations in 1951 
and shortly thereafter the Commission 
appointed advisory boards on the con- 
trol of pollution of boundary waters 
with representation similar to that 
originally adopted for the boards of 
experts who advised the Commission 
in the investigation These 
boards have been active since 1952 in 
following up on the specific pollution 
problems delineated in the original re- 
port of the Commission and in advis- 
ing the Commission on all matters 
pertinent to realization of the objec- 
tives for control of boundary waters 
quality in accordance with the intent 
of the Treaty. 

The members of the boards are, for 
Canada: J. Ross Menzies, Chairman, 
and W. R. Edmonds, Department of 
National Health and Welfare; A. E. 
Berry and A. V. Delaporte, Ontario 
Water Resources Commission, Province 
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of Ontario; and for the United States: 
L. F. Warrick, Chairman, and H. H. 
Black, U. S. Public Health Service; 
L. F. Oeming, Water Resources Com- 
mission and W. F. Shephard, State 
Department of Health—State of Michi- 
gan—serving on the board for Lakes 
Superior, Huron, and Erie; and Earl 
Devendorf, State Department of Health, 
and A. F. Dappert, State Water Pollu- 
tion Control Board—State of New 
York—serving on the board for Lakes 
Erie and Ontario. 


Current Activities 


Since 1952, the pollution abatement 
activities in these international waters 
have been carried out under the guid- 
ance of the Commission’s Advisory 
Boards and with the aid of the U. 38. 
Public Health Service. In close col- 
laboration with the States, the Public 
Health Service maintains field units 
in Detroit and Buffalo for the U. S. 
Section; and the National and Provin- 
cial Health Agencies provide field serv- 
ices for the Canadian Section of the 
Commission. The field activities in- 
clude collection of basic water quality 
data, studies of transboundary travel 
of pollution, determination of improve- 
ments effected by municipal and indus- 
trial waste treatment, assembly of data 
on water uses, application of new 
analytical techniques (carbon filter, 
bioassay, ete.) in boundary water pol- 
lution control investigations, and other 
work involved in providing informa- 
tion to assist the Commission in carry- 
ing out its functions relating to bound- 
ary water quality. 

The International Joint Commis- 
sion and its Advisory Boards meet at 


least twice each year to review prog- 


made, to indicate where 
needs exist for putting remedial meas- 
ures in effect for control of pollution, 
and to see that such findings are 
brought to the attention of the proper 
water pollution control agencies for 
appropriate action. The Commission 
is exerting its influence to the fullest 
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FIGURE 1.—Stream pollution of boundary waters between the United 


States and Canada. 


extent to expedite the installation of 
sewage and industrial waste treatment 
works and other improvements to abate 
pollution of the boundary waters. 

The types of pollutional materials 
discharged to the boundary waters in- 


FIGURE 2.—Great Lakes ship under construction in which a light 


clude untreated and partially treated 
domestic sewage, industrial wastes, in- 
termittent release of sewage from both 
freight and passenger vessels, and the 
leaching from dredge dumps. In ad- 
dition, there are numerous overflows 


system of sewage treatment is being installed. 
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FIGURE 3.—Oil removal plant at Ford Motor Company, Detroit, Mich. 


from combined sewers and irregular 
discharges from tributaries which 
bring accumulations of pollutional ma- 
terials into the main streams. During 
periods of excessive runoff, the flush- 
ing of sewers and overflows introduce 
a significant additional pollution load 
on the boundary waters. An example 
of the pollution problem is shown in 
Figure 1. Figure 2 shows the new 
construction of a Great Lakes vessel in 
which sewage treatment facilities are 
being built. 

An international system for warn- 
ing downstream water users following 
industrial waste spills has been estab- 
lished. Cooperative working relations 
are maintained with State and Provin- 
cial water regulatory agencies. Repre- 
sentations made as a result of the Com- 
mission’s activities are believed to have 
been an important factor in the recent 
enactment of legislation which created 
the Ontario Water Resources Commis- 
and which provides means for 
financing, constructing, and operating 
sewage treatment works in the Prov- 
ince of Ontario. 

In addition to 
treatment 


sion 


municipal sewage 
problems, many of which 
also involve disposal of wastes from 
manufacturing plants, there is a wide 
variety of industrial effluents entering 


the boundary waters. The wastes are 
from such industrial manufacturing 
operations as pulp and paper, syn- 
thetic organic chemicals, electrochemi- 
cals, petroleum refining, automobiles, 
iron and steel, by-product coke, syn- 
thetic fiber, petro-chemicals, rubber, 
electrometallurgical, textiles, and many 
others. 

Larger industries have, for the most 
part, elected to solve their waste prob- 
lems independently through process 
control and separate waste treatment 
systems. The character and volume of 
wastes have dictated this approach in 
several cases and in others municipal 
sewers have not been accessible. Proht- 
able by-product recovery has solved 
several waste problems. Descriptions 
of the various methods employed by 
industry to curb pollution would re- 
quire a series of technical papers and 
is beyond the scope of this discussion. 
However, it may be of interest to cite a 
specific example. 

About a year ago the Commission in 
company with the Advisory Boards 
visited a by-product coke plant in the 
3uffalo area. To abate pollution of 
the boundary waters the company had 
completed a few months before the 
visit an ultra-modern phenol removal 
plant at a cost of more than $150,000. 
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The new dephenolizing tower was de- 
signed to remove about 95 per cent of 
the phenol in the wastes. Results of 
cooperative studies subsequent to the 
visit have shown that the design effi- 
ciency was exceeded. During the pe- 
riod of the studies the phenol recovery 
unit removed about 1,500 Ib of phenol 
daily, which was 99 per cent of the 
phenols in the ammoniacal liquor. Bio- 
assays revealed that the dephenoliza- 
tion process removed two-thirds of the 
toxicity of the ammoniacal liquor. 
During and since the original construc- 
tion of its coke plant the company has 
spent about $450,000 in plant equip- 
ment and research to eliminate pollu- 
tion at its plant. 

Installations of oil separators as well 
as biological treatment for refinery 
wastes, oil and solids removal facilities 
at automotive plants (Figure 3), iron 
and steel, and other manufacturing 
plants, and a variety of other systems 
for taking care of pollutants have been 
provided. Principles and _ practices 
for minimizing wastes at their source, 
or even changing of processes to avoid 
pollutional wastes, have been utilized 
in the boundary water cleanup pro- 
gram, and are being advocated for use 
in connection with new industrial 
projects. 


Summary 


In general, it may be stated that the 
progress since adoption of the Com- 
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mission’s recommendations in 1952 has 
been gratifying. A quantitative ap- 
praisal of the progress and of the cur- 
rent situation in boundary waters is 
under way and will be made available 
to interested parties by the Commis- 
sion when it is completed in 1959. 

In conclusion, it is desired to point 
out that the activities of the Interna- 
tional Joint Commission in the inter- 
ests of abatement of water and air pol- 
lution have been carried out within 
the framework of previously estab- 
lished authority and responsibility at 
Federal and non-Federal levels. The 
necessary surveys and studies have 
been accomplished by the agencies who 
normally have such _ responsibilities 
within their respective jurisdictions. 
The implementation of remedial meas- 
ures has also been accomplished under 
the aegis of those agencies. The Inter- 
national Joint Commission has merely 
provided the machinery for bringing 
their efforts to bear on the problems 
in concert and to work toward common 
and mutually acceptable objectives. In 
addition to support of State, Provin- 
cial, and local agencies, it is also em- 
phasized that there has been whole- 
hearted cooperation of business and 
industry generally, both in analyzing 
the problems and in applying correc- 
tive and preventive measures where 
needed. This has been most important 
and is essential to success in the solu- 
tion of the pollution problems. 


STREAM DATA CLASSIC 


The Public Health Service has reprinted and is making available from the 
Robert A. Taft Sanitary Engineering Center, 4676 Columbia Parkway, Cin- 
cinnati, Ohio, the classical studies by Streeter and Phelps presenting the basic 


mathematical 
treatise has long been out. of print. 


formulation of the oxygea-sag equation. 


This fundamental 


The complete reference is: Streeter, H. W., and Phelps, E. B., ‘‘A Study of 


the Pollution’ and Natural Purification of the Ohio River. ITT. 
cerned in the Phenomena of Oxidation and Reaeration.”’ 


Factors Con- 
Public Health Service 


Bulletin No. 146 (Feb. 1925), Reprinted by the U. S. Dept. of Health, Education, 
and Welfare, Public Health Service (1958). 
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STUDIES ON THE USE OF MEMBRANE FILTERS 
FOR THE ESTIMATION OF COLIFORM 
DENSITIES IN SEA WATER 


By W. L. HENDERSON 


Chemist, County Sanitation Districts of Orange County, Santa Ana, Calif. 


In the Orange Co. laboratory the 
use of membrane filters for the estima- 
tion of coliform densities in sea water 
was begun during July 1956. After 
two months of use in parallel with the 
fermentation tube procedure (con- 
firmed test) (1), the use of this latter 
method was discontinued except for 
those samples of surf water which are 
reported to the various regulatory 
Parallel testing results of 
a large number of samples by the fer- 
mentation tube procedure and the 
membrane filter method have been 
eovered by earlier progress reports 
(2) (3) (4). 

From the beginning it was evident 
that the membrane filter method did 
not give exactly the same results as 
the fermentation tube test, but even a 
casual inspection of the results of 
parallel tests on a rather large num- 
ber of samples led to the conclusion 
that both methods gave substantially 
the same information. Hence it was 
decided to use the membrane filter 


agencies. 


method for a large proportion of the 
samples on account of the many prac- 
tical advantages, and to make further 
studies to determine, if possible, the 


relationship between the 
tained by the two methods. 

The practical advantages to be 
gained by the use of the filter proce- 
dure are: (a) reduction in time re- 
quired for the preparation of culture 
media and glassware, (b) earlier avail- 
ability of results, (ce) saving in in- 
cubator space, and (d) reduction in 
time required for all operations in 


results ob- 


inoculating, reading, and transplant- 
ing cultures. 

The net result is that the capacity of 
the laboratory, in terms of samples 
per day, can be increased three- or 
four-fold, with no increase in man- 
hours expended, incubator space, or 
quantities of media, and with a smaller 
investment in glassware and other ma- 
terials. Results have indicated that 
the time required per sample is be- 
tween one-fourth and one-third of that 
required for the fermentation tube 
test. It is not so easy to estimate the 
saving in time for the preparation of 
media and glassware, but it is ob- 
vious that it is both easier and quicker 
to wash one or two Petri dishes than 
20 culture tubes. 

Thus, accepting the filter technique 
for certain classes of routine work on 
the bases of results obtained in other 
laboratories as well as the compara- 
tive work previously reported from 
this laboratory, a program was under- 
taken to study the accuracy and pre- 
cision of both the membrane filter and 
fermentation tube methods. It is the 
purpose of this report to record the 
results of that program. 


Procedures 


In the examination of surf-water 
samples this laboratory uses the stand- 
ard fermentation tube (confirmed) 
test. The original inoculation is made 
in lactose broth, using 5 tubes with 
10 ml of sample, 5 tubes with 1.0 ml, 
5 tubes with 0.1 ml, and 5 tubes with 
0.01 ml. All positive tubes represent- 
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ing 1.0 ml or less are transplanted to 
brilliant green bile (BGB) for con- 
firmation. All dilutions are made 
with buffered dilution water. Difco 
dehydrated lactose broth and brilliant 
green bile are used. Results are re- 
ported as the most probable number of 
coliform organisms per ml (MPN) 
using a table developed by expansion 
of the table in ‘‘Standard Methods’’ 
(1). 

For the membrane filter procedure, 
Difeo dehydrated M-Endo-MF broth 
is used. This medium is used in a one- 
step procedure, without enrichment. 
The filters are Type HA, 47 mm.* 
Where dilutions are required, sterile 
buffered dilution water is used. The 
same water is used for rinsing the 
filters after filtration of the sample 
is completed. When portions 10 ml 
or larger are used for filtration, the 
sample is pipetted directly into ap- 
proximately 30 ml of sterile dilution 
water in the filter holder. Filter hold- 
ers are not sterilized, as experience 
here and in other laboratories has 
shown this to be unnecessary as long 
as the equipment is thoroughly rinsed 
with sterile water between samples. 
Minor variations in the pads affect the 
volume of medium required, but it is 
usually 1.9 to 2.0 ml. Filters and 
pads are incubated in Petri dishes in- 
verted and covered in an ordinary in- 
eubator. No difficulty has been ex- 
perienced with lack of humidity when 
covered Petri dishes are used, and ex- 
periments have shown that excessive 
moisture tends to cause spreading 
growths. 

Colonies on the filters are counted 
after 18 to 20 hr of incubation, using a 
binocular microscope with 1.33 x ob- 
jectives and 10x _ eyepieces. The 
number of sheen colonies per filter is 
recorded according to the following 
schedule: (a) For 50 colonies or less, 
record exact number. (b) For 51-100 
colonies, record to nearest 5. (¢) For 


*Manufactured by the Millipore Filter 
Corp., Watertown 72, Mass, 
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101 or more colonies, record to two 
significant figures. The number of 
non-coliform colonies per filter is also 
recorded on the work sheet, generally 
estimated to two significant figures, 
to give an idea of whether the coliform 
count may have been affected by 
erowding. Results are reported as 
membrane filter count (MFC) per ml. 


Replicate Testing 
Surf Water 


During two periods of approxi- 
mately three weeks each, the work load 
on the laboratory made it practical to 
use both membrane filter and fermen- 
tation tube procedures on all samples 
of surf water. During the period 
June 17 to July 5, 1957, a total of 336 
samples was examined; during the 
period September 10 to October 1, 
1957, 359 samples were run. The re- 
sults of these 695 samples were ana- 
lyzed statistically. For part of the 
statistical work the results of the two 
groups were kept separate. 

The first step in the comparison of 
the results of the two procedures was 
to make log-probability plots of the 
results, following the procedure of 
Thomas (5). The results are shown 
in Figures 1 and 2. The theoretical 
line of best fit was determined from 
the geometric mean and the geometric 
standard deviation (Table I). 

It will be noted that deviation of 
the plotted points from the theoretical 
line is less for the MFC values than 
for the MPN values, and that at the 
higher values the deviation of the 
MPN becomes more severe. It is ob- 


TABLE I.—-Values of the Geometric Mean and 
Geometric Standard Deviation for 
Surf-Water Samples 


Group 1 Group 2 
Statistical Parameter 
MPN} MFC MPN) MFC 
Geometric mean 0.38 | 0.16 | 0.58 | 0.12 
Geometric standard | 
deviation 6.9 |58 
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FIGURE 1.—Log-probability plot of MPN and MFC values for a group of 336 samples of 
surf water collected from June 17 to July 5, 1957. 
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vious that coliform densities estimated 
by the MPN technique are higher, gen- 
erally, than those based on the mem 
filter procedure. Coliform 
densities in both groups of samples 
were, on the whole, low, and it can be 
said that both methods gave about the 
information regarding the dis- 
tribution of coliform organisms in the 
water during both periods. 

The question arises as to whether 
the MFC values are in error by being 
low, or whether the MPN values are 
in error by being high. Data to be 
presented later will provide at least a 
partial answer to this question. It 
must be remembered that the entire 
MPN system is a device, based on 
theoretical considerations, to facilitate 
translation of fermentation tube re 
sults into numbers. Prescott, Winslow, 
and McCrady (6) state: 


brane 


same 


7h A single 
(MPN) 


density ol 


most probable number 
per 100 ml. of sample is the 
most likely re- 
combination of re- 


organisms 
sponsible for that 
sults. This density may not correspond 
to the density actually present in a 
given sample, but in the long run the 
most probable numbers will represent 
more closely than will any other series 
of numbers the densities of 
organisms in 


gas 


pro- 
ducing the samples ex 


amined, 


[It was probably an inevitable result 
that the continued use of most prob- 
able numbers, the manipulation of 
these numbers in various mathematical 
procedures, and the use of such num- 
bers in establishing limits in various 
regulations has led most workers in 
the field to think of them as real num- 
bers, actually representing the true 
density of organisms present. When 
the empirical nature of the most prob- 
able number is considered, it becomes 
obvious that the standard procedure 
for the confirmed test for coliform or- 
ganisms meet the require- 
ments of a referee method, and cannot 
be used as the sole criterion for judg- 
ing an alternate method. Little is 


does not 
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proved when the results of a different 
coliform-estimating procedure are not 
the same as the MPN results. 
Prescott, Winslow, and McCrady 
(6) quote from Halvorson and Ziegler 


(7) that the 97 per cent confidence 
limits of a five-tube MPN are 30 and 
360 per cent of the true value. Re- 


sults of tests involving replicates will 
be presented later in this report, and 
may now be said to confirm this lack 
of precision of most probable numbyrs 
based on fermentation tube results: 
The system of most probable num- 
bers, derived from purely theoretical 
considerations, built-in _ bias. 
The amount of bias depends on the 
number of fermentation tubes used, 
and for five-tube results, such as are 


has a 


considered here, the factor for correc- 
tion of bias is reported by Thomas (5) 
as 0.851. The results plotted in Fig- 
ures 1 and 2 have not been corrected 
for bias. This bias should be taken 
into account, and in some of the work 
to be presented later correction for 
bias has been made. 

In Figure 3 the results obtained by 
parallel testing of the two groups of 
surf-water compared. 
Here all of the samples have been 
plotted in a log-log plot, showing the 
MPN and MFC for eaeh individual 
sample. Obviously, all indeterminate 
results (MPN less than 0.018 or more 
than 160, MFC of 0) have been 
omitted. This total of 481 
samples. The solid line represents the 
locus of points for which MPN and 
MFC are exactly equal. The dashed 
line is the same locus corrected for bias 
of the MPN. Again, it is obvious that 
the MPN is generally higher than the 
MFC. 


samples are 


leaves a 


Diluted Sewage 


The data presented thus far have 
been based on the results of examina- 
tion of samples taken in actual con- 
trol work and most of the samples 
have showed very low coliform densi- 
ties. This makes the data somewhat 
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FIGURE 3.—Log-log plot of MPN and MFC values. 


Solid line represents locus of points 


for which MPN and MFC are equal; dashed line is same locus corrected for MPN bias. 


unsuitable for providing a firm basis 
for comparison of the MPN and mem- 
brane filter methods. It was believed 
that more conclusive evidence could 
be obtained by examining samples 
containing higher concentrations of 
coliform organisms. 

Consequently, a series of 28 tests 
was run, using settled sewage which 
had been strained through cotton and 
diluted to a degree which could be ex- 
pected to give coliform densities of a 


few hundred per milliliter. Buffered 
dilution water, sea water, and unchlo- 
rinated well water were used for di- 
lution. No effect attributable to di- 
lution water was noted. Dilutions 
were made in sufficient volume (usu- 
ally 1,000 ml) to permit replicate test- 
ing. 

The general procedure was to de- 
termine the MPN in quintuplicate, 
using five tubes per dilution and usu- 
ally four dilutions, and to determine 
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TABLE II.—Replicate MPN Determinations on Settled Sewage 
| Coliform Density (MPN per ml) 
Run No 5-tube MPN 

Arith. Geom. 

MPN Replicate Results 
1 24 | 19 24 17 | 79 39 33 | 23 
3 92s 35 22 10 29 
3 19 24 19 79 3: 17 3 | 39 
5 130 | 70 240 79 130 | 130 117 | 68 
6 40 170 240 40 «| «240 «| «226 224 | 235 
7 9° | 70 240 19 130 108 98 | 95 
8 | 130 130 | 350 350 540 344 3: | 330 
9 19 9 «| 3: 79 79 58 55 56 
10 350 79 240 | 350 240 251 223 | 222 

| | 

ll 170 540 220 170 350 | 290 261 | 250 
12 110 130 130 130 i130 =| 126 126 141 
13 | 920 350 79 130 130 322 212 | 200 
14 | 350 | 240 240 170 79 216 193 201 
15 79 «| 19 130 79 240 115 99 | 109 
16 140 240 130 130 170 162 157 | 157 
17 240 350 40 350 170 330 06 280 
18 350 170 150 350 350 314 303 | 280 
19 130 79 79 110 79 95 93 105 
20 540 350 920 350 350 502 163 412 
2) 17 i) 33 19 23 3 31 26 
22 19 19 33 79 | 19 52 50 19 
23 |} 240 170 130 130 240 182 | 175 | 191 
24 35 13 24 22 “ 22 } 21 22 
25 13 33 23 17 22 22 | 21 | 22 
26 220 70 79 33 102. | 84 
30 13 i4 13 11 7 12 | 11 12 
51 11 13 1.9 7.9 13 10 i) 9 


the MFC in quintuplicate, using two method is somewhat empirical, and the 
or three different volumes for filtra- use of the tables of factors is laborious. 
tion. In addition the 25-tube MPN The factor for correction of bias for 
was determined. From the replicate- the 25-tube MPN is 0.97. It will be 
test data the arithmetic and geometric noted that the 25-tube MPN is gen- 
means, standard deviations, and coef- erally rather close to the geometric 
ficients of variation were caleulated, mean of the '5-tube MPN values. 
The results of this series of tests are Consequently, if the 25-tube MPN is 
presented in Tables II, III, and IV. 

The 25-tube MPN was calculated by 


: ina 11 based on a smaller number of tubes, 
é ad x é > eve >» 
the approximate method developed DY then the better agreement of the geo- 


metric mean of a series of 5-tube MPN 
and Geyer (9), and in some cases by yalues with the 25-tube MPN indicates 
the use of the tables of factors of that the geometric mean should be 
Prescott et al. (6). The approximate used to express the results of a series 


McKee (8) based on the work of Fair 
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Coliform Density (MFC per ml) 


Run No, —--- 
Replicate Results | Arith. Mean | Geom. Mean 
1 5.4 5.2 | a7 | 5.5 23 | 4.2 3.9 
2 59 130 41 | 43 a 59 50 
3 26 23 30. | 18 4 | 22 21 
4 80 70 99 72 61 | 76 75 
5 120 110 50 100 110 | 98 4 
6 300 120 135 | 150 90 | 159 145 
7 125 100 50 60 oo | 79 74 
8 70 90 7 OC 73 65 | 79 78 
9 46 47 40 49 36 | 44 43 
10 53 60 80 120 80. | 79 75 
76 180 62 96 | 95 87 
12. | 53 5 50 | 50 32 47 46 
13 102 110 90 | 100 100 
14 100 60 so. 70 80 78 77 
15 60 47 50 | 90 40 57 55 
16 90 80 100 a 67 | 78 76 
17 130 120 110 80 | 100 108 106 
18 110 130 110 170 | 126 124 
19 88 80 87 63 70 78 77 
20 100 110 1560 150 138 135 
21. | 31 26 21 28 | 31 27 27 
22 | 41 56 42 34 43 43 4: 
23 | 30 35 27 34 37 33 33 
24 | 19 20 20 14 13 17 
25 | 5 6 4 12 3 ea 5 
26 | 120 120 90 110 120 112 | 111 
30 | 7 | = 5 7 8 7 | 7 
31 | 9 10 | 6 | 9 | | 
of tests. This is in agreement with many of the characteristics of the 


Garber (10). 

Comparison of the coefficients of 
variation shows the better precision of 
the membrane filter procedure. The 
lower the coefficient of variation, the 
better the central tendency of the re- 
sults. In this series, 16, or 57 per 
cent, of the tests by the membrane 
filter method gave a coefficient of vari- 
ation of less than 0.25, while only 5, or 
18 per cent, of the fermentation tube 
tests gave a value of less than 0.25. In 
only four experiments did the mem- 
brane filter results show a larger co- 
efficient of variation than the MPN 
procedure. When it is considered that 
the membrane filter procedure has 


standard plate count, which has been 
shown to be capable of high precision, 
it appears that the filter method might 
reasonably be expected to show similar 
precision. 

That the failure of the MPN and 
MFC to give closer results is caused 
by the extreme variability of the MPN 
is further indicated by the comparison 
in Table V, where individual MPN 
values (after correction for bias) are 
compared with the geometric mean * 
of the MFC values. 


* Because of the small variation of the 
MFC results it was felt that the geometric 
mean could be used legitimately for com- 
parative purposes. 
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TABLE IV.—-Comparison of Standard Devia- 
tions and Coefficients of Variation of MPN 
and MFC in Replicate Testing of 
Settled Sewage 


Standard Deviation Coefficient of Variation 


No. 
MPN MFC MPN MFC 
1 25.7 1.6 0.67 0.38 
2 30.8 35.3 0.75 0.60 
; 20.9 6.3 | 0.45 0.28 
4 106 16.7 | O85 | 0.22 
5 68 27.7 | 0.52 | 0.28 
6 31.3 81.8 | 0.14 | 0.51 
7 81.1 32.1 | 0.75 | 0.41 
S 145 29.8 0.42 | 0.38 
9 | 204 5.4 0.35 0.12 
10 | 111 26.1 0.44 | 0.33 
11 157 | 19.7 0.54 | 0.52 
12 8.9 8.5 0.07 | 0.28 
13 350 10.0 1.09 | 0.10 
14 31.6 14.8 0.15 | 0.19 
5 | 7 | 196 0.65 | 0.34 

| | 
16 14.6 18.9 0.29 | 0.24 
17 141 19.2 0.43 0.18 
18 80.5 | 26.1 0.26 |; 0.21 
19 23.5 10.8 0.25 | 0.14 
20 248 | 32.7 0.49 | 0.24 
| 

21 14.7 1.2 0.43 | 0.15 
3 | 167 8.0 0.32 0.18 
Ba 3.8 0.30 0.12 
24 8.4 3.4 0.38 0.20 
25 8.2 3.5 0.38 | 0.58 
6 71.3 13.9 0.70 | 0.12 
30 | 2.8 12 0.24 0.17 
31 | 3.5 1.5 0.35 0.17 


These data have been compared in 
another way in Figure 4. Here the 
ranges of the MPN values (not cor- 
rected for bias) and the geometric 
means for the 28 runs have been 
plotted. It will be noted that the 
geometric mean of the MFC falls 
within the of the MPN values 
in 12 of the 28 cases, and very close 


range 


to the range in 6 cases, thus showing 
reasonable agreement in 18 of the 28 
experiments. 

The work up to this point seems to 
demonstrate that the precision of the 
membrane filter method is superior to 
that of the fermentation tube proce- 
dure. It further shows that when con- 
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sideration of the variability of the 
MPN is taken, the two methods at least 
approach agreement in the majority of 
cases, 


Coliform Cultures 


In order to obtain a definite answer 
to the question of the accuracy of the 
membrane filter technique, it is neces- 
sary to employ an experimental method 
which allows an approximation of the 
absolute density of coliform organisms 
in the sample. Since it is impractical 
to prepare cultures of known concen- 
tration, the usual alternative is to 
employ pure cultures, so that the total 
count can be used as an approximation 
of the absolute density. Up to this 
point the use of pure cultures had been 
avoided, since pure cultures do not 
occur in nature, and the effect of non- 
coliform organisms would have been 
absent. 

[It is not quite correct to refer to 
the cultures used in this phase of the 
work as pure cultures. They might 
better be described as ‘‘pure cultures 
of coliform organisms.’’ Cultures 
were isolated from either sewage or 
surf water which were demonstrated 
to contain only gram-negative, non- 
spore-forming, lactose-fermenting rods 
which grew on eosin methylene blue 
agar with sheen formation. The 
IMViC series of tests was run on sev- 
eral of these cultures, and did not 
always give clear differentiation. For 
the intended, however, such 
cultures were entirely adequate, since 
they contained only organisms of the 
coliform group, even though there 
might have been more than one strain 
present. 

The experimental procedure was to 
make a dilution of a 24-hr or younger 
lactose-broth culture, and to make 
replicate MPN and MFC determina- 
tions on this dilution, as well as repli- 
cate total counts. Eight such experi- 
ments were run. The results are pre- 
sented in Tables VI and VII. From 
these data the following conclusions 
are drawn: 


purpose 
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TABLE V.—Replicate MPN Values Corrected for Bias and Geometric Means of 
MFC Values for of Settled 


Coliform Density 


Coliform Density (MPN per ml) (MFC per ml) 


| 
| 
| Replicate 5-tube Value-Corrected Geom. Mean 

1 20 42 | 20 3.9 

2 30 _ 15 i9 50 

3 20 42 42 67 28 | 21 

4 46 46 30 20 2 75 

5 110 60 204 | 67 110 94 

6 | 204 | 170 204 (204 204 145 

7 | 42 60 204 42 110 74 

sa 110 30 30 3 | 42 78 
9 | 42 42 28 67 67 43 
10 | 298 67 204 298 204 75 
11 145 460 187 145 298 87 
12 | 94 110 110 110 110 46 
13 783 298 67 110 110 100 
14 298 204 204 145 67 77 
15 67 42 110 67 204 55 
16 204 110 110 110 145 76 
17 204 298 460 298 145 106 
18 298 145 298 298 298 124 
19 110 67 67 94 67 77 
20 460 298 783 298 298 135 
21 14 42 28 42 20 27 
22 42 42 28 67 42 43 
23 204 145 110 110 204 33 
24 30 il 20 19 15 17 
25 11 28 20 15 19 5 
26 94 187 60 67 28 111 
30 11 12 il 9.4 5.6 7 
31 9.4 ll 4.2 6.7 ll 


TABLE VI.—-Comparison of MPN, MFC, and Total Count Obtained in Replicate 
Pci of Coliform Cultures 


Coliform Density (MPN per ml) ‘Catton Density pony 
Run No. 5-tube MPN | | 
— 25-tube Arith, Geom. | Arith. | Geom. 
MPN Mean Mean Mean Mean 
Arith Geom. 
Mean Mean | | 
A 3,980 | 3,390 3,200 | 2,160 2,125 2, 100 =| 2,050 
B 810 570 | 635 | 290 | 288 340 | 340 
t | 1,680 | 1,600 1,730 | 1,500 | 1,470 1,250 1,245 
D | 2260 | 2,180 1,940 | 940 | 940 950 955 
E | 2.300 | 1,890 | 1,900 930 950 940 940 
F 1,190 | 1,150 1,300 670 670 610 605 
G 380 | 350 310 300 295 | 295 290 
H | 73 70 | 


76 58 58 | 58 58 
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FIGURE 4.—Range of replicate MPN values for settled, strained, diluted sewage shown 
by solid black line; cross in circle indicates value of geometric mean of replicate MFC 


results for the same samples. 


1. The agreement between MFC and 
total count results was excellent in six 
of the eight cases, and reasonably good 
in the remaining two. 

2. The agreement between MPN and 
MFC results was about the same as for 
the series of tests on surf water. 

3. MPN and 


Agreement between 


total count results was reasonably good 
in two of the eight cases, and fair in 
one. 

4. Coefficients of variation for both 
MFC and total count results were 
lower than for the MPN results. 


The work up to this point has shown 


that the membrane filter method is 
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TABLE VII.—Comparison of Standard Deviations and Coefficients of Variation of MPN, MFC, 
and Total Count in Replicate Testing of Coliform Cultures 


Standard Deviation Coefficient of Variation 
Run No. 
MPN MFC Total Count MPN MFC Total Count 
A 2,960 450 410 0.74 0.10 0.19 
B 635 33 45 1.10 0.11 0.13 
C 1,730 180 60 0.34 0.12 0.05 
D 1,940 86 49 0.32 0.09 0.05 
E 1,940 96 115 0.78 0.10 0.12 
F 1,300 48 55 0.31 0.07 0.09 
G 310 23 45 0.13 0.08 0.15 
H 76 2.3 4.6 0.35 0.04 0.08 


more precise than the fermentation 
tube method, and in the eight experi- 
ments last cited, more accurate. While 
some of the divergence may be the re- 
sult of the statistical basis of the most 
probable number system, experience 
with both methods indicates that there 
may be other reasons for the higher 
results obtained in testing surf-water 
samples by the fermentation tube 
method as compared with the mem- 
brane filter procedure. 


False Positives in the Confirmed Test 


Possibly some of the confusion and 
divergence of opinion regarding the 
applicability of the membrane filter 
method for estimating coliform densi- 
ties in sea water has arisen because 
it is general practice to use the con- 
firmed test, using brilliant green bile 
as the confirmatory medium. For the 
examination of drinking water, the 
membrane filter method has been ac- 
cepted as the equivalent of the con- 
firmed test. 

While action by the U. S. Publie 
Hfealth Service (11) and the American 
Water Works Association (12) was 
based on the method included as tenta- 
tive in the 10th edition of ‘‘Standard 
Methods’’ (1), a great deal of work 
has been done on the membrane filter 
method, and particularly on culture 
media, since the 10th edition was pub- 
lished. 

Work by Fifield and Schaufus (13) 
has shown that the M-Endo-MF me- 
dium used without enrichment, pro- 


duces a very low proportion of false 
positives. The work reported here 
shows excellent agreement with total 
counts on pure cultures, indicating a 
low proportion of false negatives. 

Analysis of the results obtained in 
surf-water testing in the Orange Co. 
laboratory shows a very high percent- 
age (92 to 94 per cent) of confirma- 
tion with brilliant green bile. To in- 
vestigate the possibility that the basic 
cause for the lack of agreement be- 
tween the MPN and the MFC might 
be the production of false positives 
in the confirmed test, a short series 
of tests was made. Positive lactose 
tubes, obtained from routine samples 
of surf water, were transplanted to 
EMB as well as BGB; and cultures 
from the EMB plates, where growth 
occurred, further transplanted to lac- 
tose broth and agar slants, thus run- 
ning the completed test in parallel 
with the confirmed test. While the 
number of tests made is not large 
enough to permit a final conelusion to 
be drawn, the data shown in Table 
VIII point to a high incidence of false 
positives. 


TABLE VIII.—Determination of False Positive 
Fermentation Tube Results 


Item | No. | Per cent* 
Positive lactose tubes | 173 | - 
Positive BGB tubes 160 92.5 
Positive EMB cultures | 137 | 79.2 
Positive completed tests | 50.2 


* Per cent of positive lactose tubes. 
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This limited study would indicate 
that MPN results based on the con- 
firmed test using BGB are high be- 
cause of gas production in this me- 
dium by non-coliform organisms, and 
that the actual MPN, based on the 
completed test, might be less than 60 
per cent of the MPN based on the con- 
firmed test. It is anticipated that this 
study will be continued by running 
the confirmed and completed tests on a 
large number of samples. 

This limited study also indicates 
that EMB is more effective than BGB 
in eliminating false positives. How- 
ever, it has yet to be determined 
whether the efficiency of EMB out- 
weighs the convenience of BGB. 

One other incidental conclusion from 
this study is of interest. All of the 
cultures which failed to complete after 
transplantation from EMB did so by 
failing to produce gas in _ lactose. 
Spore-forming organisms were not 
found in any culture. 


Limitations of the Membrane 
Filter Method 


While the membrane filter method is 
a relatively simple procedure, it is 
not as simple as many have claimed, 
and there are certain points in tech- 
nique which must be adhered to rather 
rigidly. 

Like all differential media depend- 
ent on dyes for their action, concen- 
tration of dye in the M-Endo-MF 
broth is critical, as well as concentra- 
tion of the other ingredients. Care 
must be taken that the medium is 
properly made up. It has been found 
that solution of the dry material is 
facilitated by wetting the dry medium 
with alcohol first, then adding the 
water. 

Sufficient medium must be added to 
the pad to provide optimum moisture, 
but excessive amounts. should be 
avoided, lest spreading growths be pro- 
duced. Excessive humidity in the in- 
cubator can also cause spreading. 

Proper illumination of the filters 
during counting is very important. 
With proper illumination there should 
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be no difficulty in differentiating sheen 
and non-sheen colonies. 

The total number of colonies, both 
coliform and non-coliform, should not 
exceed 100 per 47-mm filter. Crowd- 
ing of colonies will produce interfer- 
ence and low results. 

Selection of the proper volume for 
filtration is not easy if the expected 
range of count is not known with fair 
certainty (a similar problem is en- 
countered in the fermentation tube 
method in selecting an appropriate di- 
lution). The solution is to filter more 
than one size portion. 

In the case of sea water from areas 
where the coliform concentration is 
very low, the attempt to use large vol- 
umes of sample may result in the pro- 
duction of a dense growth of non- 
coliform colonies, so that the very 
small number of coliform colonies may 
be obscured. 

Turbidity of the sample, under cer- 
tain conditions, can present a problem 
(14), although in most cases with sew- 
age or sewage-sea water mixtures the 
amount of dilution necessary will re- 
duce the suspended matter concentra- 
tion to a point where it will not inter- 


fere 


Summary 


The work on which this report is 
based is limited to the estimation of 
coliform concentrations in sea water or 
sewage-sea water mixtures. This work 
comprised the following experimental 
studies: 


1. The examination of two groups 
of samples of surf water, totaling 695 
samples, by the membrane _ filter 
method in parallel with the fermenta- 
tion tube test. 


2. A series of 28 experiments where 
replicate MPN and MFC determina- 
tions were made on settled, strained, 
diluted sewage. 

3. A series of eight experiments 
where similar replicate MPN and MFC 
determinations, along with replicate 
total counts, were made on diluted 
broth cultures of coliform organisms. 
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4. A short series of tests to deter- 
mine the proportion of false-positive 
BGB tubes obtained from sea-water 
samples. 


Conclusions 


It is realized that further work in 
this and other laboratories will be 
necessary before final conclusions can 
be made on certain points. However, 
a study of the data reported herein 
leads to the following inferences: 


1. The membrane filter method of 
estimating coliform densities in sea 
water and sewage-sea water mixtures 
has advantages over the fermentation 
tube method by virtue of the labor, 
time, and materials saving. 

2. The results of the membrane filter 
test are available earlier, and conse- 
quently, of more value in a control 
program. 

3. The precision of the membrane 
filter count is superior to that of the 
most probable number derived from 
fermentation tube results. 

4. The fact that the membrane filter 
count is generally lower than the most 
probable number has not been shown 
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to be caused by poorer accuracy of the 
filter method. The data suggest that 
if preliminary evidence can be sub- 
stantiated the apparent inaccuracy of 
the fermentation tube method may be 
caused by the production of gas in 
brilliant green bile by non-coliform 
organisms. 

5. In a limited number of replicate 
tests on samples containing only coli- 
form organisms, the membrane filter 
count was in better agreement with 
the total count than was the most 
probable number. 

6. Like any other procedure, the 
membrane filter method has limita- 
tions, and must be applied properly. 
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THE OPERATOR’S CORNER 


INTERPRETATION OF SEWAGE TREATMENT PLANT 
TESTS—PANEL DISCUSSION 


Cua N. Sawyer, Moderator 


Associate, Metcalf and Eddy, Boston, Mass. 


held 


American 


panel discussion at the 


Sect on, 


included Theodore 
Polytechnie Institute, 
Research Professor of Chemistry 
of Florida, Gainesville, Fla. 


members 


Alabama 


The comments that follow were taken from a transcript of a 
8th 
Water Works 
Industrial Wastes Assn.; Jacksonville, Fla.; Nov. 10-13, 1957. 
Jaffe, 
A 


and Sanitary Science, University 


Florida 


Sewage 


Annual 
Assn. 


Joint Meeting, 
and Florida and 
Panel 
Engineering, 


M. 


of Civil 
and A. 


Professor 
burn, Ala., 3uswell, 


Dr. Sawyer: I believe a good way to 
break this topic down is to think of 
the analyses that apply to sewage and 
industrial wastes as one category. The 
other would be for those 
analyses which apply to sludge and 
sludge disposal. Here are a few things 
under sewage and industrial wastes or 
polluted waters, if you prefer, that we 
might The matter of pH— 
are you sure that you know how to in- 
terpret pH? Are you sure that you 
know how to interpret settleable solids 
and how far you can go in an inter- 
pretation of settleable solids? How 
about suspended solids? Are you sure 
that you know how to interpret that 
test and know its limitations? How 
about total solids tests? How many 
of you are still running total solids? 
To get something started I want to 
say you are wasting your time. 

John W. Wakefield, Director, De- 
partment of Water Resources, State of 
Florida, Jacksonville, Fla.: Why do 
you think we are wasting our time? 


category 


consider. 
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Dr. Sawyer: First, may I say I am 
talking about sewage, not industrial 
wastes or sludge. The total solids test 
measures solids on evaporation or total 
residue and that, of course, measures 
not only the organic matter which is 
in the sewage, but it measures every- 
thing else present in the form of min- 
eral solids. Total solids here in Flor- 
ida might run 800 or 900 ppm, while 
in New England we would probably 
find 250 or 300 ppm total solids. It is 
very difficult to interpret unless the 
total solids in the carriage water is 
stipulated. Does anyone have a differ- 
ent idea? 

Emil Jensen, Director, Division of 
Engineering and Sanitation, State De- 
partment of Public Health, Seattle, 
Wash.: How about the use of pH for 
detecting infiltration in sewers? 

Professor Jaffe: I think a much bet- 
ter index of infiltration in Florida 
would the chloride content, par- 
ticularly around the coastal areas. I 
think, too, that the chloride test is one 
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that the average plant operator in 
Florida is not sufficiently familiar 
with. I’d like to make a plug for some 
of your short courses spending a little 
time on chloride determinations. 

Professor Buswell: I was just won- 
dering whether the question wasn’t di- 
rected toward the presumption that 
the infiltration would be shallow 
ground water after not very much 
percolation, therefore being fairly 
highly saturated with CO, In hard 
water districts I would expect that the 
pH might go down as infiltration in- 
creases or especially if storm water 
gets into the sewer. On the other hand, 
it might go up. I have always re- 
garded both water and sewage analyses 
as important primarily from the stand- 
point of comparison. I’m not too much 
in favor of general standards. If you 
know what normal readings are and 
then correlate them with known 
changes, over a period of time you 
build up a back-log of information 
from which to draw conclusions. 

Dr. Sawyer: I am inclined to agree 
with Professor Jaffe that we have bet- 
ter indicators to detect infiltration. 
Chloride tests as he has mentioned, and 
change in alkalinities sometimes can 
be used. Fundamentally, the pH de- 
termination is not too satisfactory for 
this reason: sewage ordinarily is quite 
well buffered so that when even fair 
amounts of water, whose pH may be 
a little bit above or below it, are added, 
the whole mixture will approach the 
pH of the sewage itself. 

Ralph Baker, Sanitary Engineer, 
Florida State Board of Health: I'd 
like to take exception to the use of 
chlorides as an indicator of infiltration. 
I feel that sewers in Florida are tide 
level, relatively speaking. They are 
near the surface of the ground and we 
don’t get much salt water in them. 

Professor Jaffe: Well, if you are 
going to count on only rain water 
coming down and infiltrating, that may 
be true. But there are plenty of other 
conditions where rain water is going 


TREATMENT PLANT TESTS 93 


to seep down into the ground and then 
come back up at some other level with 
an increased chloride content. In re- 
gard to pH versus chlorides, I think 
chlorides are a lot simpler to detect. 
Also, simpler equipment is required. 
Besides, many other things might 
change the pH. 

Dr. Sawyer: I think we could pursue 
this matter for some time. Let’s, how- 
ever, bring up some of these other 
matters. 

From the floor: Are there any plants 
that are using oxidation-reduction po- 
tentials in the routine control of their 
plants? 

Professor Jaffe: I don’t really know 
of any plants that are actually using 
it but I know of several instances where 
it has been suggested. Several of the 
New York City plants have tried it. 
There have been any number of articles 
in the literature. Some of the diffi- 
culties with it are the equipment and 
interpretation of results. Frankly, in 
the lab it is very difficult to keep the 
electrodes clean. 

Professor Buswell: Dr. Gruen, in a 
recent paper, emphasizes that the 
manipulative and laboratory proce- 
dures are quite difficult. For example, 
pH was first announced in 1908. (Im- 
agine having lived before pH was 
known! It was a mess!) However, 
it wasn’t until the mid-20’s that we 
had a good rugged hydrogen electrode 
and that was necessary before we could 
have the colorimetric method. Now 
the amount of work that’s been done 
on oxidation-reduction potential, which 
was practically simultaneously dis- 
covered, has been much more limited 
and as Professor Gruen points out, it 
is not a routine plant procedure at the 
present time. It is still a research tool 
and not too easy a research tool to use. 

Dr. Sawyer: 1 would just like to add 
one comment. Fundamentally, the 
ORP is a measuring stick that can be 
used to measure the intensity of an- 
aerobic conditions. For example, con- 
sider the dissolved oxygen test—you 
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might run a DO and find no dissolved 
oxygen. That 
it doesn’t tell how bad off you really 
are. The ORP measurements allow 
you to go way down on the scale and 
measure degrees of oxygen deficiency 
indicating: when all nitrates are ex- 
hausted; when all sulfates are ex- 
hausted; and so forth. It has real 
value there. 

[ don’t mean to say that ORP is 
limited to these very things but I think 
it will find its greatest application in 
sensing anaerobie conditions and how 
bad they are. It possibly can be used 
also for sensing the degree of aerobic 
conditions but my experience with it 
under aerobic conditions is that after 
the DO gets above 1 ppm it doesn't tell 
very much. Most of you know 
that if you maintain more than 1 ppm 
of DO in an aeration tank you are, of 
course, running into pretty expensive 
operation, but if you are doing it by 
ordinary control methods you'll find 
that the manpower necessary to main- 
tain around 1 ppm is more expensive 
than the cost of compressing the air. 
What we need is instrumentation to 
get to the degree of refinement or ef- 
ficiency that we are looking for. If an 
ORP cell will do it, I predict that it 
will have a tremendous market in the 
field of treatment as far as 
activated sludge plants are concerned. 
There is a new cell * on the market that 
though it could be used in 
plant control. 

E. C. Shreves, Jr., Ocala Sewage 
Treatment Plant, Ocala, Fla.: Sup- 
posing your laboratory personnel were 
available two hours per day for run- 
ning tests on a complete sewage treat- 
ment plant. What tests 
recommend ? 


is worth knowing, but 


you 


sewage 


looks as 


would you 

Dr. Sawyer: That is a very good 
question and I’d like to have the panel 
see what they 


would propose as tests. 
This is a complete treatment plant in- 


volving separate sludge digestion. 
Porter 


Fischer and 


* Manufactured by 
Company. 
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Professor Jaffe: From the standpoint 
of protection of your city against the 
criticism of polluting the streams I 
would say unquestionably, BOD. But, 
of course, that’s reducing it to a pretty 
low value, but then you’ve set a pretty 
low limit. 

Professor Buswell: Well, first thing 
I would say—‘‘What does the State 
Health Department want?’’ Suppose 
you’ve got an activated sludge plant— 
I think it is pretty important that you 
watch that DO in your aeration tank 
from the cost angle. 

Dr. Sawyer: There is one thing I’d 
like to throw in here. I’ve heard some 
of the ‘‘old timers’’ say, ‘‘Give me a 
few BOD bottles and some good old 
Imhoff cones and I’ll run this treat- 
ment plant for you.’’ I think too often 
the Imhoff cone is overlooked. The Im- 
hoff cone test will tell you nearly every- 
thing your primary treatment plant is 
doing. Also, with the Imhoff cone test 
results you have a record of the ma- 
terial, that is, the settleable material, 
that will go into the river and it is 
just as good as the suspended solids in 
the final effluent in the final analysis. 
Those two tests, Imhoff cone and BOD, 
are what I would concentrate on. 

Let’s shift our attention now to 
sludge digestion and the analysis of 
sludge. Who runs volatile acids in this 
Do you have any trouble in 
running the test or interpreting the 
results ? 


group? 


Professor Buswell: In anticipation 
of this question I wrote down a few 
comments which I'll read, if you don’t 
mind. For the benefit of inexperienced 
analysts, the following suggestions are 
made to supplement the directions in 
“‘Standard Methods’’: (a) The over- 
flow liquor to be tested should be free 
from visible particles of sludge. Set- 
tling is usually satisfactory but filtra- 
tion through coarse filter paper or cen- 
trifuging may be necessary. (b) Glass 
beads or pumice should be added to 
prevent bumping. (c) A 500 ml flask 
should be used for the distillation (too 
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small a flask will result in ‘‘carry 
over’’ of HeSO4q). (d) The rate of 
distillation is important. Too rapid a 
rate will result in a ‘‘earry over’’ of 
H.SO,. (e) If carry over is suspected, 
the distillate may be tested for sulfates 
with BaClo, or if the sample is ex- 
cessively high in chlorides a test with 
AgNO; is advised. (f) Accuracy. 
Since variations of less than 200 to 
300 ppm are not important from the 
standpoint of operation, a high degree 
of accuracy is not necessary. A good 
reproducibility is desirable since the 
application of the test is empirical. 

The steam distillation method has 
value especially in research studies. 
Data are not available at present upon 
which its use as a control test can be 
based. 

Chromatographic methods, now un- 
der active study, are being rapidly im- 
proved and simplified. I believe that 
within a few years automatic equip- 
ment will be available to continuously 
analyze both the overflow liquor and 
the gas. 

Now, as to interpretation, I feel that 
the limit of 2,000 ppm has been over- 
emphasized. A sudden, that is, a 24-hr 
increase of 200 to 300 ppm is a danger 
sign, whether it oceurs at a low or high 
level. For example, an increase from 
900 to 1,200 ppm in the volatile acids 
in 24 hr indicates the need of in- 
creased circulation and perhaps a de- 
erease in the feed, but an increase 
from 1,900 to 2,000 in a tank which 
had been operating smoothly for some 
time would not be considered too seri- 
ous a matter. Furthermore, this figure 
of 2,000 ppm was taken from a rather 
flat curve. In our own experience in 
the laboratory and elsewhere there are 
plenty of examples of tanks that have 
come up to 2,200, 2,500, and even 3,000 
ppm without trouble. However, we 
found that at 2,000 ppm we were likely 
to get a ‘‘stuck tank’’ which is a rather 
serious matter. 

Professor Jaffe: 1 just wanted to 
point out that in this group I think 
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there were three person who ran the 
volatile acids test. There are probably 
two reasons why it is not more fre- 
quently used; first, the techniques 
and the apparatus, and probably more 
important—most of you have not had 
clearly explained just why and how 
you can use the test. One of the main 
reasons for running the volatile acids 
test is to determine more quickly just 
what condition the digester is in. You 
can measure gas production (and this 
is a good indication) ; you can measure 
pH; you can measure alkalinity; they 
are all good but they are late indi- 
eators. Gas production starts to drop 
after you’ve gotten into trouble. Vola- 
tile acids on the other hand will start 
to change before gas production drops. 
If you can detect trouble at the begin- 
ning then you can do a lot more about 
it. 

Dr. Sawyer: I certainly agree with 
all that has been said. Anyone who is 
attempting to operate a digester with 


reasonably high loadings is almost at 
a complete loss to keep things in 


balance without this test. There have 
been other tests proposed such as pH 
and many digesters have been operated 
with just pH determinations. The 
main trouble with the pH determina- 
tions in the first place is that you must 
have something that tells you what the 
pH is. Colorimetric procedures, of 
course, are out of the question, and if 
you electrometric methods a lot 
depends on what you’ve done to the 
sample before you get around to meas- 
uring the pH. For instance, I was in 
one laboratory where they filtered the 
sample and then measured the pH. I 
said, ‘‘Why are you doing this? You 
are losing carbon dioxide while you are 
filtering it.’’ Actually they were, be- 
cause when a new sample of sludge was 
brought in it had a pH of 6.7 and when 
they finally got through filtering it the 
pH was up to 7.2. They had been run- 
ning pH that way for some time and 
they thought everything was all right 
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because the pH was 7.2. Actually they 
were on the border of trouble. 

I would like to add that the volatile 
acids and alkalinity of a digester are 
interrelated. If you are dealing with a 
digester wherein the alkalinity is rela- 
tively low, you have low buffering ea- 
pacity, and the volatile acids that the 
digester can accommodate without dis- 
tress are relatively low. Most digesters 
(conventional type) will operate with 
the volatile acids in the order of 150 
to 200 ppm. But if the volatile acids 
get as high as 500 ppm in conventional 
digesters you had better be doing some- 
thing about it. And that is where, of 
course, the volatile acids test is so valu- 
able in that it points out the onset of 
trouble. The alkalinity in a digester 
is dependent on two major factors: (a) 
the alkalinity in the domestic water, 
and (b the concentration of sludge 
fed to the digester. If you feed a 2 
per cent sludge to a digester the alka- 
linity will usually poise around 1,500 
to 1,800 ppm. If you are feeding a 
sludge with 6 to 8 per cent solids the 
alkalinity will run up around 4,000 to 
5,000 ppm. In the latter case you have 
tremendous buffering capacity and the 
digester can stand a considerable varia- 
tion in volatile acids content without 
any distress simply because it does not 
knock the pH down. The thing that 
bothers the methane organisms is really 
a reduction in pH, in most cases. 

From the floor: Is pH a reliable test ? 

Professor Buswell: No, we have ex- 
amples where it isn’t reliable. We 
have no examples where a low volatile 
acids content is not a safe operating 
condition. Another digestion indicator 
is the COs content, which increases as 
you move toward a sour tank. But by 
the time the CO» content has gone up 
much you are already in trouble. In 
operating a digester I like to know not 
only the volatile acids, but the alka- 
linity, the amount of gas per day per 
pound of organic matter added, and 
the composition of the gas. Now those 
tests put quite a load on the analytical 
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laboratory. Probably the most reliable 
indicator, if you keep your tank cir- 
culating and allow no accumulation of 
gas, is the gas yield. If a certain num- 
ber of pounds of organic matter has 
been converted into so many cubic feet 
of gas then you know your digester 
has done that much work within that 
period of time. However, the accuracy 
of collecting and measuring the gas 
evolution is frequently not quite reli- 
able. 

From the floor: How often are vola- 
tile acids run and how are the results 
interpreted ? 

Professor Buswell: We run volatile 
acids daily and if the volatile acids 
jump as much as 200 to 300 ppm from 
any starting point we begin to watch 
a little more carefully and we are par- 
ticularly careful about circulation 
Then if, on the second day, there is 
another jump of 200 to 300 ppm the 
feed must be interrupted immediately. 
I’d say that during this 24- or 48-hr 
period the remedy must be applied. 
Otherwise you may get a ‘‘stuck tank.’’ 
Now you don’t always have trouble. 
Ordinary treatment plants are de- 
signed with such a large digester vol- 
ume that many digesters go into op- 
eration without any volatile acids or 
alkalinity determinations or anything 
else, and they get by all right. Op- 
erators hear about that and think they 
should not have to go to the trouble of 
running volatile acids, but once some- 
body gets a ‘‘stuck tank’’ they wish 
they had done the volatile acids test. 
As the loads get higher and higher it 
becomes more and more necessary to 
follow the volatile acids changes in the 
starting of a digester. 

Dr. Sawyer: I would like to add that 
these control tests are going to become 
much more important in the future 
than they have been in the past. As 
Dr. Buswell has indicated, so many of 
the old tanks are so far over-designed 
that anybody who can start them up 
shouldn’t have any problem at all. 
But in the future that picture is going 
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to be changed because of the matter of 
capital investment savings. With high- 
rate digestion, for example, once the 
digester is started it will have to have 
close control to keep it going. 

I think what we really need now is 
for some of you men who are sitting 
out there this afternoon to get up and 
tell us how you operate your plant and 
how you keep your digester running 
and what you do. You’re the men who 
work with them and .when something 
happens you have to handle it and 
when you handle it you forget all about 
it. You seldom talk about it in the 
‘“Journals.’’ We need the information 
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from you, especially on the practical 
angles. 

From the floor: What routine tests 
would the panel recommend if the vola- 
tile acids test cannot be run? 

Professor Jaffe: | think Dr. Buswell 
pointed out that at least pH and alka- 
linity ought to be run. With just a 
little bit more money and time you can 
run suspended and volatile solids. If 
you run a solids balance at least you 
know what you are putting in and 
what kind of sludge you are getting 
out of the tank. I do think these three 
simple tests—pH, alkalinity, and solids 
—ought to be run. 


LOW-COST LAB AND SIMPLE RECORDS 


By Gerson CHANIN 


Chief Sanitary Chemist, East Bay Municipal Utility District, Oakland, Calif. 


At the larger sewage treatment 
plants there should be a well-equipped 
laboratory under the direction of a 
capable chemist. At the smaller plants 
where this is not possible, the operator 
can become adept in performing cer- 
tain very important, yet comparatively 
simple, routine laboratory operations. 

The San Francisco Bay Section of 
the California Sewage and Industrial 
Wastes Association has devoted a good 
part of its operators’ training sessions 
to stimulating and persuading the 
plant operator to do more testing and 
record keeping. Despite these efforts 
little progress has been made toward 
this goal. 


Excuses 


Many reasons are given for not per- 
forming tests, including: 

1. The high cost of setting up a 
laboratory. 

2. Fear that the tests are too tech- 
nical and require a ‘‘college man.”’ 

3. The feeling that, after all is said 
and done, laboratory tests do not help 
much in plant operation. 


4. The feeling that the only value of 
laboratory testing is to gather infor- 
mation ‘‘for the record.’’ 

5. The lack of time to do such test- 
ing. 

Of these excuses, only the lack of 
time may, in some cases, be valid. 

Let us examine these excuses fur- 
ther. 


Cost 


While it is true that a complete sew- 
age treatment plant laboratory costs a 
great deal of money, there are many 
tests which require only a minimum 
investment. 


1. Settleable solids. This test in- 
volves only the purchase of some Im- 
hoff cones, at about $6.00 each, and 
a rack to support them, at about $8.00. 
With a couple of wire coat hangers and 
a block of wood, the ingenious operator 
can readily make an Imhoff cone sup- 
port. 

2. Sludge solids. This test should be 
an integral part of the routine at 
all plants having digesters. This, too, 
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is a test which can be set up at a mini- 
mum investment. A pan balance of 
0.1 gram sensitivity can be purchased 
new for from $15 to $100. <A wise 
buyer can pick up a good second-hand 
balance for much less. The solids can 
be heated in disposable aluminum pans, 
available at a few cents each. To drive 
off the water, an ordinary infrared 
heat lamp may be used as a source of 
heat. The whole set-up shouldn’t be 
more than $25. The volatile solids test 
may be done by using a gas operated 
Bunsen heat source. A 
Bunsen burner costs only a few dol- 


burner as a 


lars. 


3. Dissolved oxygen and BOD. 
Though these tests are complicated 


from the chemist’s viewpoint, they may 
still be performed by all plant oper- 
ators at relatively low cost. Purchase 
of prepared solutions for the dissolved 
oxygen test and the necessary glass- 
ware will cost only about $35. To the 
operator effluent or receiving 
waters must meet a minimum DO or a 
BOD requirement, such 
tests are invaluable. To the operator 
of a secondary treatment plant, the 
assurance of aerobic conditions through- 
out the process is extremely gratify- 
ing. 

As for a BOD incubator, most any 
type of container and a cheap aquar- 


whose 


maximum 


ium thermostat and heater will serve 
fairly well. Some old refrigerators 
have a bellows-type thermostat. <A 


simple screw adjustment will convert 
this type to a 20°C incubator in a few 
minutes. 
The mem- 
brane filter bacteriological techniques 
have brought bacteriology within the 
reach of the plant operator. For an 
investment of less than $20, it is pos- 
sible to set up and perform the coli- 
test. The of an incubator 
the major item) can be avoided 
by incubating the samples on the per- 
The breast pocket of a jacket 
or shirt makes a pretty good incubator. 
5. With a little common sense and 


Bacteriological tests. 


form cost 


son, 
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good judgment, other tests can be 
adapted to a low-cost laboratory. 


Technical Difficulties 


While it is true that chemistry, 
biology, and bacteriology are complex 
sciences, an operator does not need to 
be a chemist or bacteriologist to run 
control tests. Remember, for example, 
that one doesn’t have to be an auto- 
motive engineer to be able to drive a 
ear. So, too, it is possible to perform 
a laboratory test without completely 
understanding what goes on in the test. 
However, even such technical know- 
how is available to the treatment plant 
operator from many sources, such as 
operators’ schools, textbooks, meetings, 
health departments, ete. The operator 
should take advantage of all of these 
sources of information. 


Value of Tests 


Some operators have the idea that 
the results of laboratory tests are 
merely ‘‘for the record’’ and have 
little or no direct application to plant 
operation. Nothing could be further 
from the truth. They say, for ex- 
ample, ‘‘Why run solids tests on raw 
sludge? By the time the test is 
finished, you’ve already put the sludge 
in the tank.’’ While this, of course, 
is true, it shows only a very limited 
understanding of the over-all digestion 
How can the operator ever 
know what he is putting in his tank 
unless he performs such tests? How 
he ever know whether he is op- 
erating his digesters efficiently unless 
he performs such tests? By perform- 
ing many of these solids tests, the op- 
erator pretty good at 
judging the solids content of the sludge 
from its appearance. 

The operator should look at sewage 
treatment as a long range operation. 
lf he finds that operation last week 
was not up to par, he should attempt 
to do something about it. 

Because some tests take several hours 
or several days to complete is not 
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justification for performing no tests at 
all. Many tests will give usable re- 
sults in a short time. In one hour 
the efficiency of sedimentation can be 
determined by performing the settle- 
able solids test. The need for addi- 
tional prechlorination can be deter- 
mined in 15 min by performing the 
test for dissolved sulfide. The need for 
increasing the air in an aeration basin 
can be determined in just a few min- 
utes. 


Testing for the Record 


As for something ‘‘being for the 
record’’ there’s nothing wrong in that 
either, providing the records are used 
for their intended purpose, which is to 
supply the operator with the informa- 
tion he needs to operate his plant effi- 
ciently. Often the operator gets the 
notion that record keeping is done to 
keep his boss happy or to supply data 
to the health department or the water 
pollution control authority. While all 
these are true, they should be second- 
ary to its main value—supplying oper- 
ational data. 


Record Keeping 


At a great many plants, even record 
keeping is virtually nonexistent. This 
results from the mistaken feeling that 
record keeping is difficult. In prac- 
tice, the operator should keep only 
those records he can and does use, 
and these may be quite simple. The 
operator who is not now keeping rec- 
ords may find it advantageous to start 
slowly. Additional information can be 
recorded as the need is realized. For 
example, he may begin by merely keep- 
ing a record of incoming sewage flow. 
Because it is well known that both 
sewage flow and load are very low dur- 
ing the late evening and early morning, 
smaller sewage plants are often left 
unattended at those times and sludge 
is not drawn. But, are low night-time 
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flows always the case? By recording 
flow data and analyzing them, this 
question is easily answered. 

A combination of flow data and the 
number of hours of pumping will per- 
mit the determination of pump ¢a- 
pacity. It will also indicate when the 
pump capacity begins to fall off and 
when maintenance may be necessary. 
A regular maintenance program based 
on hours of pumping could be set 
up. <A record of sludge-gas meter 
readings will give an idea of how di- 
gestion is going. Any unexplainable, 
big change in gas production indicates 
trouble. An examination of a year’s 
gas metering data will tell when to 
expect sufficient gas to operate a gas 
engine and when auxiliary fuel may 
need to be purchased. 

The mere notation of the number of 
cubic feet of grit screenings 
handled will indicate many things, in- 
eluding: some characteristics of the 
sewage; the effectiveness of the de- 
gritting and screening facilities; and, 
to a degree, the extent of the sand 
problem. 

At one treatment plant the only 
record kept was the time and date the 
plant went into operation. A council- 
man called the operator and wanted to 
know what he was doing to make a 
brand-new sewage treatment plant 
smell so bad. The operator asked what 
the specific complaint was. ‘‘Last 
Tuesday, I got a phone call from a 
citizen living near the plant about the 
odor from the plant,’’ said the council- 
man. The operator had the most com- 
plete squelch ever heard. He said, 
‘Why, we didn’t begin operating until 
12:30 pm last Thursday.’’ 

Even the simplest records will be of 
help in plant operation and the plan- 
ning of future expansions. A study of 
these records will hasten the day when 
the operator finally becomes the master 
of his treatment plant. 


| 

Le 
Z 
: 
: 
1 
/ 
: 
— 


100 


SEWAGE AND INDUSTRIAL WASTES 


January 1959 


FIRST-YEAR EXPERIENCES AT SAN JOSE, 
CALIFORNIA * 


By FrRaNK M. 


Engineer-Superintendent, Sewage Treatment, San Jose, Calif. 


The San Jose sewage treatment plant 
is located at the most southerly end of 
South San Francisco Bay and serves 
an area of 60,000 acres. Within this 
located incorporated 
cities, four sanitary districts, and three 
county sanitation districts. 

Initial treatment plant studies and 
design were completed in 1951. Re- 
visions of plans and specifications were 
made in 1954. <A study is now being 
conducted which will lead ultimately 
to a secondary treatment plant for San 


Jose. 


area are seven 


Plant Facilities 

The primary treatment plant con- 
sists of prechlorination facilities, in- 
cluding two 6,000-lb chlorinators and 
covered storage for 40 tons of liquid 
chlorine; four vertical bar screens, a 
screenings conveyor, and grinders for 
removal of coarse floating material; 
four 85 ft-long grit channels and col- 
lection equipment ; six 34- by 70-ft pre- 
aeration tanks and six 34- by 150-ft 
sedimentation tanks; three 100-ft di- 
ameter digesters with floating covers; 
fifteen acres of sludge lagoons; a gas 
utilization system; a 70-mgd pumping 
system; and a 480-vy electrical distribu- 
tion system including three dual-fuel 
engine-generator sets. 

A staff of 19 employees operates and 
maintains the plant structures and 
equipment necessary to process the 
waste from the estimated 264,000 per- 
sons contributing to the 
lection system. In addition, there are 
a number of diversified industries in- 
cluding 24 fruit and vegetable can- 
neries, which contribute an additional 


sewage col- 


* Presented at the meeting of the Santa 
Clara Valley Section of the California Sew 
age and Industrial Wastes Alviso, 


Calif.; Feb. 27, 1958. 


Assn.; 


average flow of 15 mgd during the 
months of August, September, and 


October. 


Plant Start-up 
Preparation by City 


Preparation for the operation began 
with the selection of plant personnel. 
This required job descriptions for the 
positions of operator, assistant oper- 
plant maintenance mechanic, 
maintenance electrician, and 
A staff of 9 employees was 
available for operation on _ start-up 
day. The full complement of 19 em- 
ployees was available by the end of the 
30-day test period. Only three em- 
ployees had previous sewage treatment 
experience. 

In cooperation with a major oil com- 
pany a detailed lubrication survey 
was made. Copies of the data were 
given to the contractor together with 
an adequate supply of oil and grease 
of the City’s preference in order to 
avoid changing brands at a later date. 
Initiation of a detailed preventive 
maintenance program was delayed un- 
til the test period was over. 


ator, 
plant 
chemist. 


Operational Problems 


Digester operation began with the 
hiring of a private septic tank service 
to haul 100,000 gal of sludge seed from 
the nearby Palo Alto treatment plant 
at a cost of $16.50 per 1,000 gal. The 
sludge seed was added to Digester No. 
1 by initially discharging the material 
through a ground level manhole and 
later by means of a special waste tank 
and pumping system provided in the 
design to handle septic tank wastes. 
l'resh sewage was simultaneously in- 
troduced into the tank in sufficient 
amount to raise the cover off the 
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corbels. Because of previous diffi- 
culties in preventing back-flow through 
the 37 pressure relief valves located in 
the digester floor slab, sacks of semi- 
dry sludge were placed over each re- 
lief valve to keep the cover in tight 
contact with the valve until the thick 
digested sludge filled the lower area. 
Circulation of bottom sludge and the 
addition of steam was immediately 
started to expedite production of 
usable sludge gas. 

In anticipation of receiving tons of 
stored-up grit during the first day of 
operation, all four grit channels were 
placed in operation. However, the 
first grit appeared 12 hr later and in 
normal quantities. Shear pin break- 
age on both bar sereens and grit col- 
lectors was excessive for several weeks. 
One shift replaced 48 pins during a 
single 8-hr period. Hours of checking 
shaft alignment, rail position, and 
chain lengths finally resulted in rea- 
sonably smooth operation. 

Some of the most revealing and edu- 
cational events oceurred during the 
first month of operation, while still 
under the contractor’s supervision. 
During the first week the following 


incidents occurred: (a) A 100-hp 
blower motor burned up, requiring 
complete rewinding. (b) A _ jacket 


water pump tripped a normally closed 
circuit on the engine control panel 
causing the engine generator sets to 
stop. This in turn stopped the blow- 
ers, causing the aeration lines to fill 
with sewage and in turn flood the air- 
lift booster compressors. (¢c) On an- 
other occasion a grit chamber drain 
line inadvertently left open during the 
day shift allowed sewage to flood the 
sludge concentration room to a depth 
of 16 in. 
this room were damaged along with 
two sludge pump motors and the elec- 
trical control panel. (d) Again, while 
attempting to operate the sludge con- 
centration equipment, the rotary com- 
pressor received a back-flow of sludge 
resulting in severe damage to this unit. 

Such incidents as these led to sus- 
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pension of operation until all auto- 
matic controls, alarms, and other safe- 
guards were in working operation. 
Upon resuming operations and also 
profiting from the previous week’s ex- 
perience, operational difficulties were 
minimized. 

It was noted that 10 days after op- 
eration commenced, sludge gas with a 
carbon dioxide content of 66 per cent, 
raised the low pressure gas holder for 
the first time. The gas would not burn 
in the waste gas burners but did serve 
the purpose of purging the gas utiliza- 
tion system of trapped air. 

Difficulty was encountered in plac- 
ing the remaining two digesters in 
service because of lack of sufficient 
steam for sludge heating. The steam 
salvaged from the dual-fuel engine 
jacket water cooling system was inade- 
quate to heat more than one digester. 
Provision was made in the design for 
two 75-kw immersion heaters as boost- 
ers for the steam supply. When in- 
stalled, these units were found to be 
improperly wired and had to be re- 
turned to the manufacturer for re- 
building. Such delays resulted in op- 
eration of the digesters at tempera- 
tures from 70 to 75°F for four months 
instead of the more effective 95 to 
100°F range. 

Operating at this lower range also 
delayed by four months the recovery 
of suitable digester gas for the dual- 
fuel engines resulting in the use of an 
additional 26,000 eal of diesel fuel. 

At this point it should be brought 
out that the injection of live steam into 
the sludge can be damaging to the 
bitumastie coating on the underside of 
the roof if the sludge flow is cut off. 
This situation was corrected by the 
addition of a thermostat in the di- 
gester dome. Through this arrange- 
ment the steam valve is closed when- 
ever the temperature inside the dome 
exceeds 160°F. 

Even though a number of unusual 
operating difficulties were encountered 
during the first year most of the plant 
equipment performed adequately. 
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Some of the bright spots were the 
smooth performance of the engine- 


generator sets and power distribution 
system, the aeration system, gas uti- 
lization system, and the sedimentation 
tank equipment. The excellent ar- 
rangement of the equipment, piping, 
controls, and the building layout is ap- 
preciated by the operators. 


Effects of Cannery Wastes 


Waste Volume 


By mid-year plant operation had 
smoothed out appreciably and plant 
personnel developed a sense of false 
which quickly disappeared 
during the first week of August when 
the initial wave of cannery waste pro- 
ceeded to unbalance the carefully de- 
veloped routine. 


security, 


Overnight, average week-day flows 
increased from 20 to 37 mgd, and oc- 
easionally even higher. Peak flows 
jumped from 30 med to rates in excess 
of 52 mgd; the latter flow represented 
the ultimate capacity of the intercept- 
ing sewer leading to the plant. An 
occasional surcharge on the venerable 
7.5-mile long 60-in. brick intercepting 
sewer resulted in numerous breaks. 
Relief for this line could only be pro- 
vided by the construction of a reser- 
voir midway between the populated 
area and the plant. The reservoir 
filled during peak flows and drained 
at night. <A parallel 60-in. intercept- 
ing sewer to alleviate the excess flow 
is in the planning stage. 


Waste Characteristics 


During the peak fruit-processing 
season, average daily BOD values in- 
ereased from the 400- to 500-ppm 
range of the non-canning season to 
1,000 and greater. Suspended 
solids values increased by a lesser de- 
values of 450 to 
500 ppm to approximately 750 ppm. 
This occurred over a 20-hr period each 


ppm 


cree, from average 


day, 6 days per week, during the 
months of August, September, and 
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October. A summary of operating 
data for 1957 is shown in Table I. 

The tendency of mixtures of domes- 
tic sewage and cannery waste to form 
excessive scum layers on the surface 
of sedimentation tanks was illustrated 
dramatically at the San Jose plant. 
The particles of fruit, buoyed by car- 
dioxide resulting from acid fer- 
mentation of the mixture, rise and 
cover the surface of the tank to depths 
of from 4 to 6 in. 

Maximum available aeration at the 
rate of 0.15 cu ft per gallon of sewage 
with 1.1 hr detention reduced this 
problem but did not eliminate it. It 
was found expedient to keep a man on 
the tanks to continuously remove the 
scum by rake as it formed. An inop- 
portune water shortage at the height 
of the canning season allowed for only 
intermittent use of the scum sprays. 
The plant water supply is developed 
from a 550-ft well which began pump- 
ing sand a few weeks ahead of the can- 
ning season. Delays in correcting this 
situation necessitated hauling water 
from a nearby farm. A cyclone sepa- 
rator has since been added to keep 
sand out of the storage reservoir. 
However, while hauling water to the 
tank an appalling situation 
was discovered—the tank was losing 
water faster than it could be hauled 


bon 


storage 


' 


In: 

A eareful check of the distribution 
system uncovered a leak of the magni- 
tude of 100 gpm between the tank and 
the No. 2 water system pumps. After 
determining that the leak was at a 
depth of 18 ft in a sand-filled, some- 
what inaccessible area, the 8-in. cast 
iron water line was abandoned and 
later replaced by a new 70-ft section, 
utilizing plant personnel. 


Digestion 


During the winter and spring two 
digesters are used for primary di- 
gestion and one for secondary diges- 
tion. With the advent of the canning 
season, all three tanks are operated as 
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primary digesters and sludge lagoons 
are used for final digestion. Continu- 
ous circulation of bottom sludge was 
practiced and gas production was ex- 
cellent. Foaming was a rare event 
throughout the entire season. This 
condition was maintained despite the 
fact that large volumes of 3- to 4-per 
cent sludge were withdrawn almost 
continuously from the sedimentation 
tanks. No sludge thickening was prac- 
ticed because the sludge concentration 
system was temporarily inoperative. 
The sludge was withdrawn from the 
tanks and pumped to the digesters at 
a nearly constant rate of 175 gpm. 
This rate provided a detention time of 
20 days and required the withdrawal 
of 1.5 ft of sludge from each digester 
per day. The sludge solids amounted 
to some 100,000 Ib per day. 

During the height of the canning 
season and at a time when operating 
problems were in abundance, two 8-in. 
cast iron sludge lines ruptured at a 
most inconvenient depth of 20 ft be- 
low the pavement surface. A good 
guess was made in regard to the loca- 
tion of the break and excavation by a 
clam shell exposed two shattered 45- 
degree bends. These were replaced 
and the plant was restored to full op- 
eration within three days. 


Need for Additional Treatment 


Unfortunately, bypassing the sew- 
age flow for the three-day period in 
August apparently left sufficient evi- 
dence in the form of fruit solids on the 
surface of the discharge waters to im- 
pel the manager of a nearby com- 
munity to wire the governor and de- 
mand immediate relief from what was 
erroneously considered to be complete 
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plant failure of a permanent nature. 
This was followed by a survey con- 
ducted by the Regional Water Pollu- 
tion Control Board in September, to 
determine the degree and source of 
pollution in the South San Francisco 
Bay receiving waters. Included in the 
board’s report was a recommendation 
that secondary treatment for San Jose 
be expedited in order that the pre- 
scribed requirements be met. 


Future Improvements 

Certain improvements to aid pri- 
mary plant efficiencies will be made 
at an estimated cost of $30,000. These 
improvements will include: sludge gas 
recirculation for one digester, sedi- 
mentation-tank baffle revisions, an in- 
creased compressed air supply, and a 
chlorinated-effluent line to the inlet of 
the sedimentation tanks. 

Long-range planning under way con- 
sists of a study of all applicable meth- 
ods of secondary treatment with em- 
phasis on both capital and operating 
costs in order to determine the type 
of treatment best suited for the San 
Jose area. <A pilot plant, soon to be 
placed in operation, will aid in mak- 
ing this determination. In addition 
to assessing the relative merits of the 
trickling filter and activated sludge 
processes other methods of treatment 
such as anaerobie activated sludge will 
consideration. The latter 
shows promise in handling 
strong wastes with a significant saving 
in both first cost and operating costs. 
Construction of the secondary treat- 
ment plant is scheduled for Sept. 
1960, and operation of some of the 
plant units should be ready by the 
1962 canning season. 
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SLUDGE PUMPING 


RAW SLUDGE PUMPING SYSTEMS * 
By Eumer E. Ross 


Superintendent, Sewage Treatment Plant, East Bay Municipal Utility District, Oakland, Calif. 


A large part of the total operating 
and maintenance effort at the larger 
sewage treatment plants is devoted to 
the removal, processing, and disposal 
of the solids removed as sludge. Con- 
sequently, the sludge-handling system 
should receive careful consideration 
during the design stage if efficient and 
economical operation is to be achieved. 
As much flexibility as possible should 
be built into the pumping system be- 
cause of the variable characteristics of 
sewage sludges. Proper consideration 
must also be given to the severity of 
service when selecting and specifying 
equipment. 

Despite the care taken in the origi- 
nal design and selection of equipment, 
modifications and additions, as well as 
adjustments in operating procedures, 
may be necessary if maximum economy 
is to be realized. Such has been the 
experience at the East Bay works. 


System Design 
General Plan 


At the time the East Bay plant was 
designed, it was the practice at most 
small plants and at many of the larger 
plants to remove the settled sludge 
from the individual sedimentation 
tanks by means of air lifts or telescopic 
valves and pump it to one or more 
large storage tanks or vaults, whence 
it was repumped to the digesters, after 
being allowed to concentrate. Skim- 
and floating sludge were also 
generally discharged to these tanks. 
Disadvantages of this general method 
include the release of odors and a large 
labor demand. However, advocates 
claimed that the solids content of the 


mings 


* Presented at the 30th Annual Meeting of 
the California Sewage and Industrial Wastes 
Assn.; Stockton, Calif.; Apr. 23-26, 1958. 


sludge fed to the digester could be kept 
uniformly high. 

After considerable study it was con- 
cluded that equally good results could 
be achieved with a smaller capital in- 
vestment and less operating labor by 
pumping the settled solids directly 
from the sumps in the sedimentation 
tanks to the digesters. The storage 
and concentration tanks were omitted 
and each of the ten sedimentation 
tanks was provided with a _ sludge 
pump arranged to discharge directly 
to the digesters through a single foree 
main. Each pump was equipped with 
a variable-speed drive; a program 
timer was installed to permit auto- 
matic operation; and sample piping 
was provided to allow visual observa- 
tion of the flow. 

Small scum wells were provided in 
the common wall between every sec- 
ond tank and skimmings were to be 
pumped directly to the digesters by 
the sludge pumps. The piping system 
was arranged so that sludge could be 
drawn into the scum wells for observa- 
tion from either the force main or the 
sludge sumps. 


Sludge Characteristics 


Little was known about the com- 
position of the sludge other than that, 
in addition to the domestic solids, it 
would contain a variety of industrial 
wastes and would contain, seasonally, 
large quantities of fruit and vegetable 
canning wastes. It was predicted that 
ground water seepage would be high 
and that a portion of the sand and silt 
it carried would become a part of the 
sludge. 


Force Main Design 


Data on the flow of raw primary 
sludge in pipelines was found to be 
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both and inconclusive. Pub- 
lished results of the best experimental 
work indicated the frictional resistance 
to the flow, for sludges containing six 
per cent solids, was approximately 1.5 
times the value computed for water 
using a coefficient of 100 in the Hazen- 
Williams formula when the sludge 
velocity is 3 fps; and approximately 
equal to that for water when the veloc- 
ity is 6 fps (1 For want of better 
information, the force main was sized 
to operate at velocities between 3 and 
6 fps. To allow for the fact that the 
was undigested and would at 
times be more concentrated, the pump 
ing units were sized on the assumption 
that the frictional resistance would be 
four times that for water 


meager 


sludge 


Raw Sludge Pump Selection 


Two distinct classes of pumps were, 
and still are, commonly used for mov- 
ing sludge: the centrifugal 
pump the reciprocating 
type displacement pump. 
merits of each are 


sewage 
and piston 
The relative 


class matters on 


which designers and operators do not 

agree. 
Centrifugal 

preference to piston-type displacement 


pumps were chosen in 
the latter are often 
noisy, require a great deal of operating 
attention, and are not readily removed 
for repairs their weight 
Operating reports also indi- 
eated that when the sludge contained 
quantities of grit or other abrasive 
material frequent repacking and over- 
haul of pistons were required. House- 
keeping and odor problems were also 
associated with the constant leakage of 
sludge from around the pistons and the 
cleaning of the ball check valves. 


pumps because 


beeause of 
and size. 


Visual Samplers 


Soon after the plant was placed in 
operation, sampling devices consisting 
of lengths of 4-in. diameter pyrex pipe 
were installed on each of the raw 
pumps and at other points 
sludge samples are required. 


sludge 
where 
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One end of the glass pipe is connected 
to the sludge piping by means of a 
quick-opening valve. Water for flush- 
ing and compressed air at a pressure 
slightly greater than the pipeline pres- 
sure are piped to the other end. A 
sample is obtained from the flow by 
opening the quick-opening valve and 
slowly exhausting the compressed air 
from the sampler. The collected sam- 
ple can either be drained for analysis 
or returned to the flow without expos- 
ing the sludge to the atmosphere by 
repressuring the sampler with air. 
Operators can, with experience, very 
accurately estimate the concentration 
of the sludge by watching it flow into 
the sampler. Samplers of this type 
should be designed as pressure vessels, 
and should be properly guarded for 
the safety of operating personnel. 


Operating Experience 
Over-all Results 


During the six years the plant has 
been in operation it has been possible 
to achieve the intended results with 
the original facilities. As shown in 
Table I, the sludge fed to the di- 
vesters has each year averaged better 
than six per cent total solids; the 
amount of operating labor required 
has not been excessive; and there have 
been no odor problems in connection 
with this phase of operations. How- 
ever, it has been necessary to modify 
and augment the original installation 
because sludge quantities have been 
much greater than predicted and 


TABLE I.—Raw Sludge Solids Concentration 


Tota! Solids 


1953 
1954 
1955 
1956 
1957 
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grease, sand, and fine silt in the sludge 
have created operation and mainte- 
nance problems. 


Grease 


Ether soluble oils and greases com- 
prise, on the average, 25 per cent of 
the sludge solids. This is not ex- 
cessively high as compared with other 
plants of similar size, however, be- 
cause the force main is buried in the 
ground, these materials separate from 
the sludge flow and deposit on the 
walls of the pipe. During the first 
month of operation grease deposits re- 
duced the effective diameter of the 
6-in. force main to less than 2 in. 
Even after the grease deposit was re- 
moved with augers and knives attached 
to power-operated sewer rods, the fric- 
tion loss when pumping sludge con- 
taining six per cent total solids was 
twice the design value, or eight to ten 
times that for water. Experimental 
work by Brisbin (2) and others has 
since confirmed that friction losses, 
when pumping concentrated raw 
sludges, are of this order of magnitude. 
Because of the increased friction 
losses, and because the sludge quan- 
tities were greater than anticipated, it 
was necessary immediately to increase 
the horsepower of the sludge-pump 
drives, and to add a booster pump a 
short time later. The resulting in- 
crease in flow rate did not prevent the 
deposition of grease in the force main, 
but did lengthen the time _ between 
cleanings. The build-up very 
gradual during the late spring and 
summer when the ground and sludge 
temperatures average 63 and 75°F, re- 
spectively. During the winter, when 
these temperatures drop as low as 53 
and 60°F, the build-up very 
rapid. At times it was necessary to 
clean the force main as often as three 
times a week. Attempts to remove or 
prevent the grease coating from form- 
ing by back-flushing with supernatant 
liquor, heated in the digester heaters 
to 100°F, were not successful. 


Was 
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Steam Generator 


A search of literature disclosed that 
a similar problem at the Buffalo, N. Y. 
works had been solved by heating the 
pipeline with steam. Experimental 
work with a small steam-cleaning ma- 
chine indicated that the de- 
posit could be removed in this manner 
if sufficient heat was added to raise 
the temperature above 130°F. 

A sludge-gas fired, fully automatic, 
forced recirculation-type steam-gener- 
ator was installed so that its output of 
100 boiler hp could be injected di- 
rectly into the sludge force main near 
each sludge pump discharge. 

Since installing the steam-generator 
the force main has been maintained 
at or near rated capacity by heating 
and flushing at intervals, the lengths of 
which vary with the season of the year. 
Except for the infrequent removal of 
stoppages caused by rags and trash, 
cleaning of the pipeline with sewer 
rods has been eliminated. Noise and 


grease 


vibration initially accompanied the di- 


rect injection of the steam into the 
pipeline. This was subsequently elimi- 
nated by the installation of a Venturi- 
type pipeline heater. 


Nand and Silt 


Material identifiable as sand and 
silt annually averages 17 per cent of 
the total, or 65 per cent of the fixed 
solids in the raw sludge, and during 
the winter season monthly averages 
have been as high as 40 per cent of the 
total, or 90 per cent of the fixed solids. 
Sieve analysis of samples of this ma- 
terial taken from the raw sludge and 
from deposits in the digesters dis- 
closed that the average particle size is 
less than 0.20 mm, which is the small- 
est size particle that the grit chambers 
will normally intercept. 

The sand and silt in the raw sludge 
have caused pump maintenance costs 
to be excessive. It wears the tips off 
of the impellers, quickly dulls cutting 
edges, and opens up the internal clear- 
ances of the pumps to the point 
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where they frequently clog with rags. 


Tramp metal is occasionally carried 


into the pumps with the sludge, where 


twisted shafts 
The high rotative 
speeds of the centrifugal 
celerate 


it lodges and causes 
and other damage 
pumps ac 
normal wear and cause in- 
creased damage by tramp metal. 
During summer months these condi- 
tions have made it necessary to re 
place sludge pumps after an average 
of 800 hr of operation, which is equi 
alent to two replacements per year per 
tank; and during the 


winter months after only 200 hr of 


sedimentation 


operation, which is equivalent to eight 
The 
cost of completely overhauling a pump, 
including 


replacements per year per tank. 


removal from service and 
reinstallation, has averaged $218 
Attempts to decrease the frequency 
of sludge pump replacement and _re- 
duce repair cost included: removal of 
hard-facing 


and chrome-plating the areas where 


some of the cutting edges: 
wear and changing the 
These 
partly successful, 
of other 


Was severest; 
material of some of the parts. 
measures were only 
and led to the 


types of equipment 


investigation 


Progre SSING Cavity Pump 


One of several types of pumping 
during the 
investigation the 
helical-rotor, progressing-cavity pump 
This pump, a 


pump, 


considered 
this 


equipment 
course of was 
modified screw-type 
and 
struction and has only two parts sub- 


IS simple in design eon 
ject to wear, both of which can be re- 
and desirable 

maintenance 


placed quickly easily 


features from a stand 
point. 


the 


uniform and 
relationship, like 
that for a piston pump, is nearly in 


The delivery is 
head-capacity 


dependent of the discharge head. 
Progressing-cavity pumps are used 
in the handle 


sludges containing solids in suspension 


process industries to 
diameter, and to 
They 


England to 


as large as 7/8-in 


have 
pump 


pump abrasive slurries. 


also been used in 
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digested sewage sludge to vacuum fil- 
ters, but the pumping of raw primary 
sludge which contains rags and trash 
had not been attempted as far as could 
connection 
work by the Al- 
Pa.) Sanitary Au- 
Some doubt existed that 
successfully handle 
without 
caused by 


be determined except in 
with experimental 
legheny County 
thority 3 
they would raw 
excessive 
winding 
around the exposed rotating shaft in 


primary — sludges 


clogging rags 
the suction cavity, and by sticks and 
trash accumulating in the bend at the 
pump inlet. 

A progressing-cavity 
the 


clogging 


pump 
manufacturer to 
would prevent 
its use for raw sludge at the East Bay 
works, where screens with 


Was 
borrowed from 


determine if 


clear 
openings between bars are used to re- 


move trash. It 


was temporarily in- 
stalled in place of the original pump 
tank which, be- 
cause of its location, always receives 


at the sedimentation 


the most rags and trash (Figure 1 
The pump had a 6-in. suetion 
and a 5-in. discharge and was V-belt 
driven by a variable-speed drive. The 
delivery could be varied from 80 to 
160 gpm against a total head of 150 
it of water. 
oil-resistant, 


test 


It was equipped with an 
synthetic-rubber — stator 
and a chrome-plated tool-steel rotor, 
a combination of materials known to 
give good service under abrasive con- 
ditions. 

installed on 
which would be 
suction pressure, 
water. <An esti- 
tiated annual saving in water cost of 
approximately $150 per pump would 
be realized if the water seal could be 


A water seal 
the packing eland 
subjected to only the 


in this case 15 ft of 


Was not 


omitted successfully. 

The suction cavity was inspected for 
rags once a day after the pump was 
first installed. Some rags were always 
found wrapped around the connecting 
link, but they did not build up to the 
point where the pump’s performance 


was adversely affected. The inspection 


2 
4 
3 
: 
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SLUDGE 


FIGURE 1.—Progressing-cavity pump installed at the East Bay works. 


PUMPING 


Suction connec- 


tion is to the left of the arrow; discharge is in the foreground. 


frequency was therefore gradually 
finally eliminated 


after about two weeks of operation. 


lengthened, and 

The test pump was disassembled for 
the first time after approximately 19 
months’ service to determine the cause 
of a sudden loss of capacity and ac- 
It was found 
that a sharp object passing through 


companying vibration. 


the pump had gouged a piece from 
the rubber stator making replacement 
Although the rotor showed 
only nominal wear, it was thought ad- 
visable to strip and replate it. Total 
cost of the repairs was $140 and the 
down time to replace the stator and 
rotor was approximately two hours. 
This was substantially less than the 
cost of repairing one of the centri- 
fugal-type pumps. Replacement of the 
stator, for the same reason, was again 
necessary after about six months’ ad- 
ditional operation. 

Operating experience with the pro- 
eressing-cavity pump at the East Bay 
works may be summarized as follows: 
(a) Delivery is constant and nearly 
independent of the head or the con- 


hecessary. 


centration of the sludge, which is ex- 
tremely heavy and laden with sand 
and silt during the winter, and can- 
nery wastes during the fall. (b) Over- 
haul frequency, compared with the 
centrifugal units, has been reduced 
more than 50 per cent because of the 
low rotative speed and the combination 
of rubber and chrome-plated wearing 
parts. (c) There has been no evidence 
of seoring of the shaft in the packing 
gland that would indicate a water seal 
is necessary. (d) Rags accumulate 
on the exposed shaft in the suetion 


cavity, but the pump does not require 
cleaning more often than the original 
pumps when in good condition.  (e) 
The rubber stator is susceptible to 
damage from sharp metal objects; the 


use of a magnet and a metal trap 
ahead of the pump possibly would 
prevent this. (f) Clogging in the sue- 
tion piping or loss of suction have not 
occurred because of the ability of the 
pump to prime itself and maintain 
its prime at suction lifts as high as 
28 in. of vacuum. 


Although the progressing-cavity 
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pump has been used successfully as a 
raw pump at the East Bay 
plant, it needs much additional testing 
before it can be considered entirely 
satisfactory for this service. 


sludge 


Operating Routine 
The following routine, developed 
and modified during six years of op- 
eration, is followed in the operation 
of the raw sludge pumping system. 


1. The sludge collectors are operated 
continuously and the collected sludge 
is withdrawn from each of the sedi- 
mentation tanks at least once during 
each of the operating shifts to prevent 
septicity. The length of the pumping 
period varies with the season of the 
year, but averages about 30 min. 

2. The sludge pumps are normally 
operated in pairs and are controlled 
automatically by the program-timer 
during the day and evening shifts, and 
manually during the morning shift to 
ensure that all of the day’s accumula- 
tion of sludge has been removed. The 
concentration of the sludge leaving 
each tank is checked by the operator 
by means of the visual samplers before 
the pump is stopped. Skimmings are 
removed and pumped at the end of 
each sludge-pumping cycle. 

3. The booster pump is operated in 
conjunction with all pumps except the 
three progressing-cavity pumps. 

4. When it becomes necessary to re- 
move the grease coating from the force 
main, the flow rate is reduced to 80 
¢pm and the sludge heated with steam 
to approximately 150°F. Several 
hours of operation at this rate of flow 
and temperature melt the grease de- 
posit and restore the capacity of the 
force main. 


Conclusions 
On the basis of the material pre 
sented herein the following general 


conclusions appear to be justified : 
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1. Pumping raw sludge from bat- 
teries of sedimentation tanks directly 
to digestion systems or other disposal 
facilities is an economical procedure at 


large sewage treatment plants from 
both the capital-investment op- 


erating-cost standpoints. 

2. The solids concentration of raw 
sludges can be effectively controlled 
through the use of variable-speed 
pumps, visual samplers, and program 
timers. 

3. The friction head, when pumping 
raw primary sewage sludge averaging 
six per cent solids, is approximately 
eight to ten times that for water. 

4. The which tend 
to form in raw sludge force mains can 
be effectively removed by 
steam directly into the flow. 


grease coatings 


injecting 


5. Raw primary sewage sludges can 
be pumped successfully with the larger 
progressing-cavity pumps if the sew- 
age flow is properly screened prior to 
sedimentation. 
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INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


‘Behind an able man there are always other able men.’’—Chinese Proverb 


Attention operators! It will be appreciated if copies of the annual reports of both large 


and small sewage and industrial waste treatment plants are sent to the Federation office 
for abstracting in this section of the Journal. Please direct annual reports to: The 


Operator’s Corner, Federation of Sewage and Industrial Wastes Associations, 4435 


Wisconsin Ave., N.W., Washington 16, D. C. 


Annual Report of the Division of Sewage Disposal, Cleveland, Ohio, for 1955 * 


The operating revenues for the Di- 
vision of Sewage Disposal, Cleveland, 
Ohio, were higher than in 1954 as a 
result of continued increase in water 
consumption which is the basis for the 
service charge. However, the financial 
condition of the Division has not im- 
proved and is very unsatisfactory. 
The net income was considerably less 
than the income derived from interest 
earnings; therefore, without the in- 
come from other financial sources the 
Division would have operated at a loss. 
This condition has existed for the past 


three years and will become increas- 
ingly serious when bond investments 
are usec. for construction. 

Some relief will be obtained when 
sewage from a suburban area (Hill- 
top) is diverted from the Euclid, Ohio, 
plant to the Easterly plant. Even- 
tually, it will become necessary to in- 
crease the service charge. 

The three Cleveland treatment 
plants treated a record total of 71,647 
mil gal of raw sewage in 1955 for an 
average of 196 med. 


Report on the Operation and Maintenance of the Easterly Sewage Treatment 
Plant, Cleveland, Ohio, for 1955 + 


Joun J. Wirts, Superintendent 


The Easterly treatment plant pro- 
vides activated sludge treatment to 52 
per cent (102 mgd) of the Cleveland 
sewage flow. It is the largest of the 
three plants and is located on the shore 
of Lake Erie in a Class ‘‘A’’ residen- 
tial area. The water front is a popu- 
lar boating and bathing area. 

Wear caused by grit is evident in 
all comminutors. Bearing failure in 
the 54-in. comminutor was determined 
to be eaused by overload in thrust and 
not by bearing defect. Tandem mount- 


* For last previous extract see THIS JoUR- 
NAL, 28, 12 1515 (Dee. 1956). 

+ For last previous extract see THIS JouR 
NAL, 28, 12, 1516 (Dee. 1956). 


ing instead of back-to-back mounting 
will be tried. 

Pumping of raw sludge to the 
Southerly plant for digestion was 
satisfactory. The volume was consider- 
ably less than in 1954. Blockages and 
repacking of the pumps have been 
reduced through the use of a Swart- 
wout seal water system. The seal wa- 
ter to each pump is regulated accord- 
ing to a preset differential. Adjust- 
ment of the packing gland depends on 
operating experience and varies with 
the type of sleeve. 

Stainless steel sleeves have given 
good service and staud abuse from 
over-adjustment of ‘he gland and mal- 
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TABLE Air Diffuser Cleaning Data 
Aeration Tank 
ici No. 3 No. 7 No. 10 
Before After Before After Before After 
Cleaning Cleaning Cleaning Cleaning Cleaning Cleaning 
Service (mo 27 17 50 
Cone valve opening sto4 } Wide 4 Wide } 
Pressure (psi 6.6 6.7 7.1 6.6 2 6.3 
Air (cu ft/min 2,500 3,400 1,200 3,400 1,100 3,800 


adjustment of the seal water. Experi- 
ence with monel sleeves has been un- 
even; satisfactory service has ranged 
from six 
months, 


than nine 


not 


weeks to 
Stellite sleeves 
well and split in two. 


more 
do wear 

The force main to the Southerly 
plant was cleaned eight times without 


difficulty. 
were reported at all blow-off stations. 


Heavy discharges of grease 


Diffuser Clean ing 


An experimental method of cleaning 
the activated sludge air diffuser plates 
tried. <A solution of phosphate 
under 400 psi pressure was sprayed 


Was 


TABLE II.--Summary of Operating Data, Easterly Plant, Cleveland, Ohio, for 1955 


Iten Average 

Raw sewage flow (mgd 102.2 
Settled sewage flow mgd) 97.9 
Grit removed (cu ft/mil gal 2.7 
Screenings (cu ft/mil gal 0.16 
Suspended solids (ppm): 

Raw 196 

Settled 111 

fhluent 13.6 

Removed (‘; 92.4 
BOD (ppm 

Raw 135 

Settled | 

fluent 13.2 

Removed 90.2 
Oxygen consumed (ppm 

Raw 78 

Settled 56 

ffluent 19 

teduction 16.2 
Dissolved oxygen ppm)*: 

Presettled raw sewage 2.4 

\erator influent 2.1 

\erator effluent 2.9 

Final effluent 3.0 
\mmonia (ppm 

Raw 15.5 

Settled 

fluent 
Nitrite, effluent (ppm O04 


Average of determinations made every 4 hy 
t Contact time 5 min 


t Inaccurate color standards. 
« 


Iten 


Nitrate, effluent 


Average 


ppm 1.5 
Sludge pumped to Southerly plant, 
total (mil gal 178.02 
Moisture 97.0 
Activated sludge: 
Total solids ppm »,208 
Volatile solids (¢; 61.1 
Mixed liquor susp. solids (ppm 1,361 
Sludge index (ml/g 78 
Air (cu ft/gal, settled sewage 0.76 
Returned sludge (; ) 27.4 
Post-chlorinationt : 
Days applied, total 95 
(pplication rate (ppm 3.5 
Residual (ppm 
Bacterial count: agar plates at 373°C 
1,000/ml)® : 
Raw 35.7 
fluent 3.2 
Reduction (©; 91.0 
Presumptive B. coli (1,000/ml) 4: 
Raw 113 
fluent 2.4 
Reduction (%) 97.9 
Plant costs ($/mil gal 
Operation and maintenance 19.03 
(Administration 15.64 
Total 34.67 


ol Monday and Wednesday catch samples 


3 
whe 
: 
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over the diffusers. One to three appli- 
cations were made depending on the 
length of time the diffusers were in 
service. Between applications the dif- 
fusers with water 
periodically surged with air. This 
treatment was followed by application 
of silicone which is standard practice. 
Tentative data are given in Table I. 


were covered 


EXTRACTS FROM OPERATION REPORTS 


and: 


113 


The power bill was 13 per cent less 
than in 1954 and 9.8 per cent less than 
in 1953. Lower pressures compatible 
with more uniform air distribution 
are partially responsible for the sav- 
ing. Foam on the aeration and final 
settling tanks has been troublesome. 

Operation data for 1955 are sum- 
marized in Table II. 


Report on the Operation and Maintenance of the Westerly Sewage Treatment 
Plant, Cleveland, Ohio, for 1955 * 


O. Barrerr, Superintendent 


The Westerly sewage treatment 
plant provides primary treatment for 
about 17 per cent (34 med) of the 
Cleveland flow. Located east 
of Edgewater Park yacht basin, the 
plant requires careful operation to 
control odors. Post- and pre-chlorina- 
tion are practiced during the summer. 

This plant serves a diversified in- 


sewage 


dustrial section, where meat processing 
plants contribute the difficult 
waste to treat. Furthermore, the col- 
lection system is of the combined type. 


most 


Flows in excess of 72 mgd bypass the 
plant. The population equivalent is 
about 340,000. 

Contracts for new construction work 
amounting to $810,000 were let. in 
1955. Included were two grit removal 
units to replace existing grit chambers, 
a grit building to house grit loading 
equipment, mechanical rakes and 
screenings grinders to replace hand- 
raked screens, a pre-aeration tank, and 
miscellaneous items. 


Sedimentation and Digestion 


Sedimentation — is 
the old Imhoff tanks. 
open by hosing after the tanks were 
pumped down. 


accomplished in 
Slots were kept 


The suspended solids 
than the 


load was considerably less 
previous vear. 
Gas vent lids were replaced or re- 


paired. Considerable spalling of the 


* For last previous extract see THis Jour 
NAL, 28, 12, 1518 (Dee. 1956). 


concrete necessitated numerous patches 
on the Imhoff tanks. The polyvinyl 
chloride 1-in. pipe risers installed on 
the raw water spray system last year 
appeared to be in perfect condition, 
thus solving a corrosion problem. 

Five of the six floating cover di- 
vesters were primary 
tanks. The sixth was used as an un- 
heated sludge tank for pur- 
poses of the staff operating 
variety and experience. 


operated as 


storage 


giving 


The annual program of cleaning the 


digesters to remove scum, which is a 


troublesome operating was 
March. 
12.5 ft 


Two digesters were cleaned twice. 


problem, 


started in Scum thicknesses 


as vreat as were observed. 

Seum control with gas recirculation 
was continued on a trial basis. Results 
to date are not sufficiently conclusive 
to warrant a permanent installation. 
Gas production has not been appreci- 
ably increased, and the reduction in 
scum thickness may be partially at- 
tributed to compaction. 

The 
year of gas recirculation was in excess 
of $800, compared to a labor cost of 
approximately $200 for removing scum 
by pumping the digester down. 


estimated power cost for one 


The quality and quantity of the raw 
sludge were lower than during the pre 
ceding years and gas production was 
down 9.8 per cent. 

After 


digesters, an 


of cleaning out 
experienced attendant 


many vVears 
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Table III. 


Item Average 
Raw sewage flow (mgd) 34.4 
Grit removed (cu ft/mil gal) 2.52 
Screenings (cu ft/mil gal) 1.49 
Suspended solids (ppm 


Raw 256 
Settled IS] 
Removed ( 29.4 

BOD (ppm 
Raw 183 
Settled 137 
Removed 25.1 

Oxygen consumed (ppm 
Raw 137 
Settled 116 
Reduction 15.7 

lotal bacteria (1,000/ml): 

Raw 2,463 
Settled 1,11) 
Reduction (‘; 54.9 

Presumptive B. coli (1,000/ml 
Raw 135 
Settled 105 
Reduction 75.9 

Pre-chlorination : 

Days operated 88.3 
Dose ppm 5.03 

Post-chlorination : 

Days operated 4 
Dose (ppm 8.54 
tesidual (ppm 1.47 

{uw sludge to digesters: 

Number of additions per month 62 
Temperature (°F 65 
Volatile solids (° 68.9 
Total solids 6.18 
pH 6.2 
Alkalinity as CaCO, (ppm 610 

Digester supernatant: 

Total solids (%) 0.82 
Volatile solids (°; 53.4 
pH 8.0 
Alkalinity as CaCO; (ppm 1,940 

slipped on the erease-coated sloping 


Hoor and broke his leg. Carelessness 


but the 
extraordinary precautions was empha- 


was not involved, need for 


sized. 
Sludge Disposal 
Filter cake production decreased 


26.2 per cent because of the decrease 


in solids. Maintenance and operation 
of the filter equipment were routine, 
and most repairs were due to normal 


wear, 
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Summary of Operating Data, Westerly Plant, Cleveland, Ohio, for the Year 1955 


Item Average 


Gas production: 


Daily (cu ft) 133,700 

Cu ft/lb volatile solids 6.9 
COs (%)... 26.9 

Cas utilization (°%): 

Digester heaters 31.8 
Building heaters 22.1 
Incinerators 24.6 
Wasted 21.5 


Digested sludge vacuum filtered: 


Total solids (Ib/mo).. 169,900 


Total solids (°% 7.42 
Volatile solids (©; 54.5 
pH.. 7.9 
Alkalinity as CaCO; (ppm) 1,920 
Chemical dosage for vacuum filtra- 
tion 
Ferric chloride 3.04 
Lime 14.8 
Calcium oxide 13.1 
Sludge filtration: 
Filter cake: 
Total (tons 9.624 
Moisture (°; 65.5 
Volatile solids 16.4 
Rate (dry psf/hr 3.08 
Cake/hr (tons 0.74 
Cloth life (hr) 182 
Sludge filter cake: 
Incinerated (tons/mo 204 
Tons per incinerator hour. 0.92 
Soil conditioner (tons) 6,095 
Incineration : 
Fuel oil used: 
Gal/ton of filter cake 0.99 
Gal/ton of dry solids. 2.86 
Gas used: 
Cu ft/ton of filter cake 1,082 
Cu ft/ton of dry solids 3,134 
Plant costs ($/mil gal): 
Operation and maintenance 15.47 
Administration 15.65 
Total 31.12 
Cake incineration was erratic be- 
cause of the variable quantities of 
scum contained in the cake. At times 
the cake contains an abundance of 
grease and highly volatile material 


which causes it to burn on the upper 

At the cake 
and burning. When 
these conditions exist, incineration ea- 


hearths. other times 


hardens resists 


pacity is reduced approximately 50 
per cent. 
An of in the 


pre-heater, and excessive temperatures 


accumulation grease 
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caused by highly volatile scum, re- 
sulted in a fire that melted sections of 
the heat exchanger grid. 

Efforts are being made to conduct 
an education program among the in- 
dustrial waste contributors, particu- 
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larly the meat processors. Good house- 
keeping by this industry would do 
much to decrease the operating prob- 
lemis. 

Operating data for 1955 are sum- 
marized in Table IIT. 


Report on the Operation and Maintenance of the Southerly Sewage Treatment 
Plant, Cleveland, Ohio, for 1955 * 


Water E. Gerve, Superintendent 


The Southerly sewage treatment 
plant provides primary treatment for 
about 30 per cent (60 mgd) of the 
Cleveland sewage flow. Both sanitary 
and industrial wastes are handled. 
Flow in 1955 was 27 per cent greater 
than the previous year, as a result of 
increased rainfall and the connection 
of a large interceptor. The maximum 
daily flow was 123 mil gal. The treat- 
ment facilities provide aeration for 
only 36 per cent of the flow; the re- 
mainder is given primary treatment. 

Additonal sludge digestion, elutria- 
tion, and aeration units were com- 
pleted during 1955. Work started on 
additional incinerator and vacuum 
filter capacity. Capacity of the plant 
is being increased from 36 mgd to 68 
mgd for complete treatment by ac- 
tivated sludge. Primary treatment 
can be given to 170 mgd. New set- 
tling tanks were completed in 1954. 

A gas explosion resulting from con- 
tractor activities occurred in the 
sludge pump building during connee- 
tion of a high pressure gas system. 
There were no injuries. 


Activated Sludge 

Aeration Tanks 1 and 2. were 
lengthened to provide 4-hr detention 
at 22 med. Excessive clogging of the 
air diffusers was caused principally 
by formation of precipitated iron hy- 
drate in the tubes. Analysis of the 
sewage revealed that slugs of pickle 
liquor of high strength were received 

* For last previous extract see THs Jour 
NAL, 28, 12, 1521 (Dee. 1956). 


during certain periods of the day. 
Starting in August, the iron content 
of the settled sewage was checked fre- 
quently and flow to the aeration tanks 
was reduced when the iron content ex- 
ceeded 10 ppm. 

The clogging problem became so 
acute and required so much labor that 
the first five swing diffusers were re- 
placed with bubble-type air 
units. A number of experimental dif- 
fusers were fabricated at the plant 
and installed. Of special interest are 
a thin-walled stainless steel tube and a 
thin-walled plastic tube with various 
size air holes. 

Foaming problems increased, al- 
though the exact cause is not known. 
At times it seriously interfered with 
air diffuser maintenance, and provided 
unsightly, odorous, and unsafe condi- 
tions. 

Noise from the main air header was 
very disturbing. Adjustment of the 
butterfly valves was helpful; however, 
conditions of operation would change 
suddenly and it was impossible to keep 
the valves adjusted. The problem is 
one for expert study. 

Engine oil leakage from threaded 
pipe joints increased as the new blow- 
ers continued in operation. The con 
dition is hazardous and inimical to 
good housekeeping. <A welded pipe 
system may need to be installed. 


coarse 


Sludge Handling 


The inereased volume of waste ac- 
tivated sludge made it necessary to 
operate the sludge concentration tanks 
on a continuous basis. 
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TABLE IV.--Summary of Operating Data, Southerly Plant, Cleveland, Ohio, for the Year 1955 


Item Average 
Raw sewage flow (mgd 59.6 
Detritor grit (cu ft/mil gal) 1.26 
Volatile (°; 16.4 
Flow distribution 
\eration unit 36.5 
Bypassing sec. treat. 63.7 
Suspended solids (ppm 
Raw 224 
Primary effluent 97 
Removal, primary (°; 56.7 
Aerator influent 86 
\erator effluent 12 
Removal, aerator (©; 85.5 


Dissolved oxygen (ppm 
Raw 5.5 
Primary effluent 1.7 
Aerator effluent 1.0 
River above plant 6.6 
River below plant 6.4 
BOD (ppm 
Raw 143 
Primary effluent 68 
Removal, primary (; 51.4 
\erator effluent 6 
Removal, aerator (°; 89.9 
River above plant 15 
River below plant 24 
Combined effluent over-all reduction 
Suspended solids (25 
BOD 67.9 
Sulfates, raw sewage (ppm 237 
Digester operation 
Raw sludge: 
Volume, total (mil gal 282.1 
Easterly plant (°; 63.8 
Southerl plant 36.2 
Dry solids 3.5 
Volatile solids 63.6 
Primary digested sludge : 
Volume total mil gal $9.24 
Dry solids, total (mil Ib 21.67 
Volatile solids, total (mil Ib O91 
Total solids 5.1 
Volatile solids (‘ 15.7 
Alkalinity (ppm 2,600 
pH 7.6 


The 18 floating-cover digesters were 
The 12 


old Imhoff tanks served as secondary 


operated as primary tanks. 


digesters and received only primary 
tank supernatant. <A 


gear pump was 
used to remove approximately 100,000 
val of oil the 


secondary digesters 


from surfaces of the 
The oil was given 
to a used oil dealer for road oil. 


the oil 


Scum 


in connection with removal 


made the operation expensive. 


Item Average 


Secondary digested sludge: 


Volume, total (mil gal) 17.15 
Total solids (‘ ©) 7.0 
Volatile solids (°;) 15.9 
Alkalinity (ppm 2,970 
pH 7.6 
Supernatant: 
Volume, total (mil gal) 211.46 
Total solids (‘ o) 1.22 
Volatile solids 52.7 
Suspended solids (ppm) 1,492 
Gas production: 
Daily production (1,000 cu ft 1919.6 
Cu ft/lb volatile solids 7.0 
COz (%) 33.5 
Btu/cu ft (gross 602 
Gas utilization (¢ 
Digester heating 29.6 
Incinerators 9.2 
(Cias engines 15.1 
Building heat and mise. 11.0 
Wasted 35.1 
Vacuum filtration: 
Filtered, total (mg 52.51 
Dry solids, total (mil Ib) 25.01 


Chemicals used 
Ferric chloride 
Lime 

Filter cake: 

Dry solids, total (tons 
Solids 
Volatile solids (©; 
Rate (lb dry solids sq ft/hr 
Cloth life (hi 


Sludge incineration: 


Tons/mo, wet 1.847 
Tons /incinerator day 
Btu/lb volatile solids 11,781 
Moisture (©; 
Volatile 38.2 
Plant costs ($/mil gal 
Operation and maintenance 15.638 
Administration 15.67 
Total 31.30 


hot boilers were 
improved to eliminate short circuiting. 
The heat transfer the sludge 
heaters decreased because of the build- 
Re- 


moval of scale is expensive and time 


The digester water 


rate in 
up of seale in the sludge tubes. 


consuming. 
ther study. 

After 
the elutriation 
formed most satisfactorily 


This problem needs fur- 


fail 
per 


bearing 
tank 
The spray 


correction of a 


ure, hew 
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water system and scum removal piping 
are a considerable help in removing 
scum. <All elutriation-unit is 
pumped to the secondary digestion 
tanks. 

Wash water settling basins and 
screens were placed in operation in 
May. Results from the use of these 
new facilities are good. 


Sludge Disposal 


Vacuum filtration of the digested 
sludge was normal. Bucket elevators 
and chemical feeding equipment. re- 
quired considerable maintenance. The 
stainless steel filtrate pump operated 
satisfactorily. 

Sludge cake is disposed of by incin- 
eration. Smoke difficulties were ex- 
perienced, particularly during — the 
summer. The incinerators ash 
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system required a great deal of work. 
Ash system improvements were started 
in December. 


Plant Performance 


The over-all removals of suspended 
solids and BOD were appreciably 
better than during previous years. 
This reflects the effect of the new aera- 
tion facilities and other units placed 
in operation in 1954 and 1955. 

The appearance of the plant grounds 
was vastly improved by grading and 
grassing. A dedication ceremony and 
open house for the new facilities were 
held in October. 

Operating and maintenance costs in- 
creased approximately $47,500 over 
1954. 

Operation data for 1955 are sum- 
marized in Table IV. 


Industrial Wastes Control Unit 


Joun R. Wours, Engineer-in-Charge 


Industrial waste problems have re- 
ceived increased attention their 
seriousness became more apparent. 
The Industrial Wastes Control Unit 
was created in September 1954 and 
organized its program during 1955. 

The problem of treating acid wastes 
is one of the most troublesome. Nine- 
teen companies were notified to stop 
the discharge of this waste to the 
sewers. Outcome of this enforcement 
depends on the results of a pilot-plant 
installation of the Blaw-Knox Ruthner 


Process for treating the waste, at Niles, 
Ohio. 

Various phases of the waste control 
program are inspection and testing of 
sewer flows, stream and lake pollution 
sampling, and general public relations 
with industry. 

The need for expanded services of 
this section is very apparent and _ its 
establishment has been an important 
step forward in improving the opera- 
tion and administration of the sewage 
disposal program in Cleveland. 


DIGESTER START-UP AT COBOURG, ONTARIO 


By Hicks 


Superintendent, Cobourg Sewage Treatment Plant, Cobourg, Ont., Canada 


During the winter of 1956 the di- 
gester at the Cobourg, Ont., sewage 
treatment plant was inspected and 
cleaned. Because of the cold weather 
it took approximately two months to 
complete the job. The digester has a 
50-ft diameter and 19-ft side-water 


depth. It is equipped with two sets of 
internal heating coils, two internal 
mixers of the draft-tube type, recireu 
lation facilities, and temperature 


control device located at about mid 
depth. The unit has a fixed cover. 
The digester had been in continuous 
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service for six years prior to cleaning. 
Inspection revealed that only about 12 
in. of scum and 2 cu. yd of grit and 
sand had accumulated. 

In starting the unit, about 12 ft of 
fresh water and 500 lb of lime were 
added. The auxiliary boiler was then 
fired and the temperature of the water 
raised to 90°F. No seed sludge 
available For the first week 
sludge from the primary clarifier was 
added for two 10-min periods each 
day. Digester contents were recircu- 
lated for about 6 hr each day. The 


was 


was 
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second week raw sludge pumping was 
increased to two 20-min periods each 
day. By the 16th day sufficient gas 
was available to fire the boiler. Care 
was taken to add only thick sludge 
during the start-up. 

Normal digester operation over the 
years has consisted of maintenance of 
a liquid temperature of about 90°F, 
sludge recirculation for about 4 hr a 
day, and internal mixing for three 2-hr 
periods each day. On the basis of past 
experience this schedule appears to be 
a good one. 


TIPS AND QUIPS 


Sewage Flocculation * 


few 
Miami 


Ohio, preliminary 


ago at the Little 
Works, Cincinnati, 
tests were made to 
determine if operation of the paddle 
wheel agitators would cause better set- 
tling efficiencies. In 


months 
Sewage 


these tests sew- 
age was pumped from the plant aera- 
tion channel to 50-gal plastic 
The contents of one drum 
were agitated slowly with a wooden 
paddle for 20 min. No chemicals were 
added. After stirring, the contents 
were allowed to settle for 2 hr. The 
second drum of sewage was not stirred 
but was allowed to settle for 2 hr 20 
min. Tests that suspended 
solids removal was 14 per cent better 


two 
drums. 


showed 


for the stirred sewage. 

While it is doubtful that compar- 
able can be obtained on a 
plant scale, the tests were sufficiently 


Increases 


encouraging to warrant the use of the 
floceulators for full-scale evaluation. 

[ have no technical and no univer- 
sity education, and have just had to 
pick up a few things as I went along. 


WINSTON CHURCHILL 


* Bulletin of the Sewage Disposal Section, 
Cincinnati, Ohio, Sept. 1958. 


Day in Court + 


A few months ago a court decision 
was handed down concerning the dis- 
charge of treated sewage by the com- 
munity of Rolla, N. Dak. Rolla is a 
community of 1200 people that has 
recognized its 
matter of 


responsibility in 
pollution abatement. 
satisfactory lagoon system 
structed there about four years 
During the past vear a downstream 
landowner sought to prevent the town 
from discharging its well-treated efflu- 
ent to the watercourse which flows 
through his land and, if possible, se- 
cure damages for the discharge of the 
The Rolla installation 
had met all requirements of law in 
regard to plan approval and opera- 
After hearing the testimony the 
ruled in favor of the town, 
that Rolla had the right to 
discharge sewage into a defined water- 
course, providing adequate treatment 
was provided. 


was 


treated wastes. 


tion 
judge 
stating 


Intelligent ignorance is the first re- 
quirement in research. 


Charles F. Kettering 


t Official Bulletin, North Dakota 
and Sewage Works Conf., 26, 3, 1 


Water 
(1958). 
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TIPS AND QUIPS 


Reactor Wastes 

A large-scale waste calcination pilot 
plant is now being built at the Na- 
tional Reactor Testing Station, Idaho. 
At present, when used nuclear fuels 
are removed from reactors and proc- 
recover valuable fissionable 
materials for re-use, the highly radio- 
active and corrosive liquid wastes that 
result from the solvent extraction 
process are stored in underground 
steel tanks. 

The new process converts the liquid 
wastes to solid form and reduces their 
volume to about one-seventh of the 
original bulk. It is hoped that it will 
also make the waste less corrosive and 
correspondingly easier to store. The 
called calcination, involves 
evaporating the water, decomposing 
the nitric acid to oxides of nitrogen, 
and converting aluminum nitrate to 
aluminum oxide. calcination 
process yields a granular solid alumina 
product containing all fission products 
removed from the fuels except those 
contained in the dust entrained in the 
caleiner fluidizing air. “These prod- 
ucts are removed by serubbing and 
filtration techniques. A portion of the 
ruthenium volatilizes in the calciner, 
and is separated by adsorption. Since 
some of the highly radioactive fission 
products must decay for periods as 
long as 800 years before they can be 
safely discharged to water and air, the 
value of this process which ‘‘fixes’’ the 
radioactivity in a less mobile form is 
immediately evident. 


essed to 


process, 


The calciner is a cylindrical vessel 
containing at steady state a bed of 
granular aluminum oxide consisting 
of the product obtained from the 
evaporation and calcination of the 
waste solution. The bed is supported 
on a perforated or porous plate which 
serves as a gas distributor. Preheated 
air is passed upward through the plate 
to fluidize the bed and agitate the 
solids. The entire mass behaves as a 
vigorously boiling liquid. 
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Additional heat is supplied to the 
solid particles (aluminum oxide) 
through heat transfer tubes within the 
bed itself. The bed temperature is 
maintained in the range of 400 to 
500°C. The waste solution is injected 
into the bed through several spray 
nozzles spaced around the calciner. 
The liquid droplets, upon contacting 
the hot solid particles, are flash dried 
and calcined to oxides. 

The calcination facilities are de- 
signed to process aluminum nitrate 
wastes that have decayed at least 200 
days after discharge from the reactor. 
Initial operation will be with two- 
year-old because of longer 
radioactive decay it generates less heat 
and thus will facilitate the first ob- 
servations solid waste ma- 
terials. The plant will be capable of 
handling 1 gpm of liquid wastes. 

The radioactive nature of the ma- 
terials handled makes it necessary to 
house the process equipment in con- 


waste ; 


made on 


crete cells to shield operating person- 
nel. The possibility of spreading cell 
contamination is reduced considerably 
by designing the facility for negative 
pressure operation throughout. Cells 
are arranged to facilitate processing, 
maintenance, and subsequent modifica- 
tion for process improvement. 

This type of treatment will not im- 
pair the preliminary or subsequent 
separation of special fission product 
values (radioisotopes) for industrial 
utilization. 

Research work for the process is 
now being conducted by the Phillips 
Petroleum Co. and the Argonne Na- 
tional Laboratory. This work is still 
in progress, and most process uncer- 
tainties will be resolved before the 
plant begins to operate. However, 
the fundamental purpose of the plant 
will be to demonstrate feasibility on an 


engineering scale. 


Process develop- 
ment will continue during plant shake- 
down and operation so as to allow 


maximum utilization of tech- 


nology. 
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Editorial 


YOUR JOURNAL IN 1959 


Nearly a generation ago, it was the 
slogan of a prominent automobile man 
ufacturer to have ‘‘constant improve 
Such a 
THIS 
JOURNAL, though the corresponding vol- 


ment, but no vearly models.’’ 


slogan could well be used for 
ume and calendar year make changes 
starting with the January issue par 
ticularly inviting. 

Many readers may have already ob- 
served the new position of the contents 
page in this number. Instead of being 
the second page before the lead tech- 
nical article, this has been moved to 
the second page after the inside front 
cover. This change has been made be- 
cause of complaints that the contents 
page was not easily found. Certainly 
as the front advertising section varied, 
its former position changed with it. 
Now it will be constantly related to 
the front cover, just as the list of ad 
vertisers and professional card holders 
The un- 
derstanding cooperation of the adver 


are related to the back cover. 


tisers whose regular positions were af. 
fected by this shift is greatly appreci 
ated. What is this 
change?) We hope vou will consider 


your reaction to 


it an improvement. 
The Year 1959 


many new Federation organization de 


promises to brine 


velopments, as given in the account of 
Detroit Board Meetings in the Decem 
ber 1958 number of Tus 
With the important 
Journal Federation 


JOURNAL 
most place the 
has in responsi- 
bilities, some will be reflected in Jour 
nal content and organization. 

A significant step is included in the 
list of revised abbreviations on pages 
121 and 122. These will replace those 
viven in the January 1958 issue. The 
new list is includes addi 


longer and 


tional expressions made desirable by 
Manual of No. 6, Units of 
Ba pression for Wastes Waste 
Treatment. While all units in the 
Manual are not included, the funda- 
mental parts are given so that the com- 


Practice 
and 


bined value of standard units and ab- 
breviations is now achieved. 

The revised Manual of Practice No. 
1, the Federation Safety Manual, un- 
der the Title, 
Works, is at last beine made available. 


Safety in’ Wastewater 
Complete details will be given in Feb- 
ruary. It is hoped that the publication 
of Manual of Practice No. 8, 
Plant will 
be announced next This au- 
thoritative manual has been prepared 
cooperatively with the Sanitary Engi- 
neering Division of the American So- 
ciety of Civil Engineers, 


Sewage 


Treatment Design, also 


month, 


added time 
now being given to the ‘‘Operator’s 
Corner’” will 
this most valuable material. 


In coming issues, the 
more of 
At times 
it has seemed that the material printed 


readers 


bring 


in this section could be extended if its 
title could be changed to enlaree the 
scope. <All would 
continue to be used in the ‘‘Corner,”’ 


material now used 
but other experiences such as those of 
sewer system maintenance, the works 
laboratory, and more industrial waste 
plant operation would be added. 

The Editorial Staff is devoted to 
making the Federation Journal one of 
service and greatest value to the read- 
members. 


ers, primarily Federation 


By your criticism and comment you 
will help this aim of constant improve- 
ment and you will help attain the high 
goals set for the Federation in 1959. 
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JOURNAL ABBREVIATIONS 


The following is a revised and extended list of abbreviations now used in 
SEWAGE AND INpustTRIAL Wastes. The last previous list appeared in THs 
JourNAL, 30, 1, 119 (Jan. 1958). Again, the abbreviations generally follow 
those published by the American Standards Association (ASA), as originally ap- 
proved in 1941,* and agree for the most part with those in use by the Journal 
American Water Works Association. 

As a further convenience, the Journal, by use, is endorsing the slash (, ) 
as a substitute for the word ‘‘per’’ in combinations of fundamental units 
wherein the individual unit abbreviations are established but the combination 
is not. An example is the expression, ‘‘pounds per day per 1,000 cubic feet.’’ 
This may be expressed as lb/day 1,000 cu ft. Thus, by using these fundamental 
combinations, abbreviations may be established for many other units including 
the units given in the Federation Manual of Practice No. 6, Units of Expression 
for Wastes and Waste Treatment. 


acre-foot degree (s) Fahrenheit 
alternating-current (adj.) é diameter 

after noon } direct-current (adj.) 
ampere (s) amp dissolved oxygen 
ampere-hour (s) amp-hr_ dissolved solids 
atmosphere (s) atm electromotive force 
average avg feet per day 

barrel | feet per hour 
Baumeé 6 feet per minute 
billion gallons bil gal foot (feet) 
biochemical oxygen demand BOD _ foot-candle 

brake horsepower gallon (s) 

British thermal unit gallons per day 
bushel (; gallons per day per acre ....gpd/acre 


calorie é gallons per day per capita ...gpd/cap 
capita gallons per day per square foot 
centimeter (s) gpd/sq ft 


‘ounts per minute gallons per hour 
‘ounts per second s gallons per minute 
‘ubic feet per day : gallons per second 
‘ubic feet per hour : gram 

‘ubie feet per minute ; grams per liter 
‘ubic feet per second ‘'s horsepower 

‘cubic foot (feet) horsepower-hour (s) 
‘ubic inch (es) ‘u in. hour (s) 

‘ubie meter (s) inch (es) 

‘ubie yard (s) y inches per second 
egrees (s g indicated horsepower 
egree (s) inside diameter 


*<* Abbreviations for Scientific and Engineering Terms.’’ American Society of Mechani 
‘al Engineers, 29 West 39th Street, New York 18, N. Y. Price $0.50. 
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kilocalorie 
kiloeycle (S) 
kilogram (s 
kilometer (s 
kilovolt (s 
kilovolt-ampere 
kilowatt (s) 
kilowatthour (s 
linear foot (feet) 
liter (s 
logarithm 
logarithm (natural) 

maximum 

maximum permissible concentra- 


(common ) 


tion 


median tolerance limit 
meter (s) 
microcurie (s 


microgram (s 


microgram (s) per liter 


micromicrocurie (s) 
micromicron (s) 
micron (s) 

mile (s) spell out 
miles per hour (s mph 
milliampere (s 

millicurie (s 

milliequivalent (s 

milliequivalents per liter 

milligram (s) 

milligrams liter 
milliliter (s 
milliliter (s) per liter 
millimeter (s 
millimicrogram 


per 


millimieron (s 
million electron-volts 


million gallons mil gal 


million gallons per day med 
million gallons per day per acre 

med acre 
milliroentgens 
millivolt (s 
molar (concentration ) 
molecular weight 
most probable number 
normal (concentration ) 
number (s) 
ortho-tolidine 
ortho-tolidine-arsenite 


SEWAGE AND INDUSTRIAL WASTES 


January 1959 


ounce (S) 

outside diameter 
oxidation-reduction potential 
oxygen 
parts per billion 
parts per million 
parts per thousand 
pound (s) 


consumed 


pounds per acre 

pounds per acre-foot 

pounds per day per acre . 

pounds per day per 
eubic foot 

pounds per square 


.lb/day/acre 


pounds per square 

per hour 
pounds per square 
pounds per square inch absolute 

psia 

pounds per thousand 

cubic feet 
quart (s) 
radiation absorbed dose 
revolutions per minute 
revolutions per second 
roentgen (s) 
roentgen equivalent, man 
roentgen equivalent, physical 
second (s) 
sludge density index 
sludge volume index 
square centimeter (s) ......... sq em 
square foot (feet) ............. sq ft 
square feet per capita ......sq ft/eap 
total solids 
total suspended solids 
total volatile solids 
volatile solids 
volatile suspended solids 
volt (s) 
volt-ampere (s 
watt (s) 


week (s) 
yard (s) 
year (S) 
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Engineers—Currie Engineering Company Photo Credit—Dorr-Oliver 


VAREC EQUIPMENT 


safely controls surplus gas 
at this EL CAJON Sewage Plant 


Like thousands of progressive 
cities in the United States and 
Canada; El Cajon, California, 
protects its modern sewage treat- 
ment plant with Varec Sewage 
Gas Controls and Safety Devices. 
These include Varec Flame Ar- 
rester, Drip Traps, Manometer, 


Flame Trap Assembly, Flame 
Checks, Pressure Regulator and 
Waste Gas Burner. Positive fire 
protection is assured by this type 
of installation—resulting in mini- 
mum insurance rates. Request 
Varec S-3 Catalog for full 


information. 


VAPOR RECOVERY SYSTEMS COMPANY 
2820 N. Alameda St., Compton, Calif. 
Cable address: VAREC Compton California (U.S.A.) All Codes 


Available from Authorized Sewage Equipment Agents throughout the U.S. and Canada 
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Proceedings of Member Associations 


ROCKY MOUNTAIN SEWAGE Worth of an Acre-Foot of Water,’’ by 
AND INDUSTRIAL WASTES Arthur E. Williamson, Wyoming De- 
ASSOCIATION partment of Health. 

‘A Simplified Automatic Control 
System,’’ by Curtis M. Clark, Fore- 
man of the Aurora Water and Sanita- 
tion Department. 

“The Role of the Chemical Engi- 
neer in Industrial Waste Treatment,’’ 
by Ronald West, Boulder, Colo. 

‘*The Role of the Civil Engineer in 
Industrial Waste Treatment,’’ by 
The program included the following Clack ts. 

papers of particular interest. 


The 22nd Annual Meeting of Rocky 
Mountain Sewage and _ Industrial 
Wastes Association was held, in ¢con- 
junction with the Annual Meeting of 
the Rocky Mountain Section of the 
AWWA, at the Cosmopolitan Hotel, 
Denver, Colo., September 15-17, 1958. 
Registration totaled 114. 


The program also included a panel 


‘*Starti igester at the New aa 
tarting a Digester at discussion on types and applications 


Boulder Sewage Treatment Plant,’’ by 
Ernest Hamilton, Boulder, Colo. 
‘*Densludge Digestion,’’ by Edward 
Thoits, Dorr-Oliver, Ine. 
“Criteria for the Study of the (Continued on page 26a 


of package plants. 
At the Annual Business Meeting, 
the following officers were elected: 


Flow Measuring 
| Through Open Flow Nozzles 
ee Greatly Simplified 


New Improved 
BURGESS-MANNING Type"MN” METER 


—offers first important advance in art of gravity 
flow measurement in many years. 


Here is dependable accuracy of necting pressure piping and fit- 
measurement at all times—and at _ tings; sump pump; cleaning valves; 
a new low in both initial and sediment traps; back flushing re- 
operating costs. quirements; float cable; space 
and concrete work needed for 


You Eliminate — these. The Burgess-Manning Type 


the need for costly and main- “MN” Meter out-modes every 
tenance-hungry requirements such other method of gravity flow 
as: stilling well and cover; con- measurement. 


Write for Burgess-Manning “MN” 
Meter Bulletin for full details. 


BURGESS-MANNING COMPANY 
/ Penn Instruments Division 


4122 Haverford Ave., Philadelphia 4, Pennsylvania 
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m-Flo Clarifier 


A NEW HYDRAULIC PRINCIPLE FOR... 


@ Maximum Hydraulic Efficiency 


@ Maximum Use of Tank Volume 
@ Optimum Settling Conditions 


The unique thoroughly proven hydraulic 
principle of the Rim-Flo introduces the 
influent into a circular feed channel en- 
tirely around the periphery of the tank. 
The channel is of uniform width, but the 
depth gradually decreases from the deep- 
est point at the influent point to the shal- 
lowest at the extreme end of the circle. 


Properly sized ports are correctly 
spaced in the floor of the feed channel. 
Tapered-channel cross section and 
spaced ports assure a uniform forward- 
flow velocity in the channel. This pre- 
vents any settling out of solids in the chan- 
nel and assures transportation of all scum 


© Greatly Increased Capacity 
© Simple Scum Removal 
IN CIRCULAR TANKS 


Simplified cutaway view of Rex 
Rim-Flo illustrating flow patterns. 


to the end of the channel for collection. 

The ports direct the flow downward 
into the tank between the tank wall and 
a vertical skirt. The flow approaching 
the tank bottom is at an extremely low 
velocity and is directed into the main 
body of the tank. Solids promptly drop 
out of suspension onto the tank floor. 
The flow is directed gently upwards to a 
central effluent trough. 

Rex Rim-Flo is the practical econom- 
ical solution to the problem of outmoded 
or overloaded circular settling tanks. 
Rim-Flo can be adapted to existing cir- 
cular tanks of practically any size. 


For additional information on Rex Rim-Flo or any of the 
other plus value Rex Equipment, write CHAIN Belt Company, 
4606 W. Greenfield Ave., Milwaukee 1, Wisconsin. 


CHAIN! ser 


Milwaukee 1, Wisconsin 
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specialists 


Sewer Rods 


* Sewer and Pipe Cleaning Equipment 

* Sectional Steel Rods 

* Complete Sewer Cleaning Machines 
* Braces and Guides 

* Buckets, Root Cutters, Drag Tools 


Save the cost of experimenting. Consult Stewart for any prob- 
lem in the specialized field of pipe cleaning. 


W.H. STEWART, ING. sox 767 syacise, 1. 


President: John M. Hunter, Cheyenne, 
Wyo. 
Vice-President: Ben V. Howe, Denver, 
Colo. 
FSIWA Director: Jack H. Maguire, 
Derby, Colo. 
Secretary-Treasurer: Verne E. 
Englewood, Colo. 
VERNE E. Puatsa, 
Secretary-Treasurer 


Plath, 


SOUTH DAKOTA WATER 
AND SEWAGE WORKS 


CONFERENCE 
The 24th Annual Meeting of the 
South Dakota Water and Sewage 
Works Conference was held at the 


Franklin Hotel, Deadwood, South Da- 
kota, September 17-19, 1958. Regis- 
tration for the meeting totaled 106. 
The technical program was opened 
by an address from FSIWA Vice- 
President William D. Hatfield. This 


was followed by a panel discussion on 
‘*Water and Sewage Problems in Ree- 
reational Areas.’’ 

There was also a panel discussion 
on the topic, ‘‘Public Relations Re- 
lated to Water and Sewage Works.”’ 


The following papers were pre- 
sented : 
‘“‘Water and Sewage Problems in 


Wyoming,’’ by Arthur E. Williamson. 
‘‘Training and Certification Pro- 
gram at Sioux Falls,’’ by James Cox. 
‘*Radiation and Public Health,’’ by 
George Jacobson and Don G. Kurvink. 


At the Annual Business Meeting, 
the following officers were elected: 


President: Alfred Ross, Huron. 

Vice-President: Byron Fees, Chamber- 
lain. 

Secretary-Treasurer: 
Pierre. 


Don C. Kalda, 


Don C. Kapa, 
Secretary-Treasurer 
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lhl WASTE TREATMENT 


COMPLETE LINE to Meet Your Exact Needs 


Including many Exclusive Developments 


Utilize our many years of experience in the development and manufacture of 
municipal and industrial waste treatment equipment. Our staff of engineers is 
ready to cooperate with consulting and operating engineers in suggesting the 
process of treatment and type of equipment best suited to individual needs. 


BIO-ACTIVATION—exclusive system combines 
best qualities of trickling filter and activated 
sludge. Bulletin 259B. 


MECHANICALLY CLEANED SCREENS AND GRINDER 
—with intermittent automatic control. Design 
data in Technical Supplement MS. 


GRIT CHANNELS—exclusive Camp Chamber de- 
sign and Regulator permit easy and instant 
variation in velocity. Design data in Technical 
Supplement CR. 


GRIT SETTLERS—with conveyor, elevator, and 
exclusive Hydrowash unit which removes grease 
and organic matter from grit. Bulletin 249B. 


GREASE FLOTATION UNIT—removes grease and 
oils, produces simultaneous aeration and a _ 
tion, and oxidizes objectionable odors. B 


SEWAGE AND SLUDGE PUMPS—hori- 
zontal and vertical pumps in wide range of 
sizes, capacities and heads—including cutting 
type primary sludge pumps, enclosed impeller 
type sewage pumps, single vane impeller type 
sewage pumps and recirculation pumps. S: 

for Bulletins. 


SLUDGE COLLECTORS—for rectangular and cir- 
cular tanks... flight type and helicoid cross 
conveyors . . . sludge valves. Bulletin 253B and 
Technical Supplement TV. 


AERATORS—downflow mechanical air diffusion 
type provides thorough and adjustable oxygena- 
tion and circulation of liquor. Bulletin 265A. 


JET AERATION—exclusive method produces an 
unprecedented rate of oxygen absorption. 
Bulletin 265A. 


ROTARY DISTRIBUTORS—reaction and 
drive by = with exclusive trouble-free oil seal. 
Design in Technical Supplement RD. 


DOWNELO FLOCCULATION slow 4 
and flocculation of c cals in cowage, wen 
ment  —e Design data in Techn An 


Send for informative bulletins listed above. 


Inquiries on new installations or improvements 
of existing plants will receive prompt attention. 


OUR YEAR 
110 North Broadway 
AURORA, ILLINOIS 

Offices Oncoge Mew Vort Gevetond Lense: City Sole Representotives throvghow the 


Sewege Treatment, end 
Equipment 
RESEARCH ° CTURING 
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SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are “‘ Parker- 
ized"’ for protection against rust and corro- 
sion. 


Over 40 years continuous service to the in- 
dustry. 

We will be pleased to quote on any type of 
water controlling equipment. 


SNOW Gates & VALVES 


2437 East 24th Street Los Angeles 54, Calif. 


CEN-VI-RO PIPE 
TAKES TO THE AIR 


CEN-VI-RO Concrete Pipe provides 

economical installation on piers. 

Either above or below ground, CEN- 

VI-RO pipe protects against leaks 
=, or infiltration. 

Ss ; The CEN-VI-RO process develops high 


= density concrete with low absorption. 


Twelve-foot lengths, with joints sealed 
by “O”-ring rubber gaskets, make in 


=: stallation costs lower. 


GRAY CONCRETE PIPE 
COMPANY, INC. 


Thomasville, N. C. Arlington, Va. 
Wilson, N. C. Baltimore, Md. 
Hagerstown, Md. 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF ENGINEERS 


(Continued through page 36a) 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water, Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Alrports 
Dan ns, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 
Water Works, Water Purification, 
Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 
Power Generation 


Civic Opera Building Chicago 


ANDERS@N-NICHOLS 
ompany 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges 


Concord, N. H. Boston 14 Baltimore, Md. 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers -Airport Design —Sewage Disposal 
Systems—Water Works Design and Operation —Surreys 
and Maps—City Planning —Highway Desgn—Construc- 
tion Surveys—Pipe Line Surveys 
Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 


Investigations 


P. O. Box 166 Crystal Lake, Ilinols 


THOMAS W. BEAK 
Consulting Biologist 


Pollution Studies 

Stream and Lake Surveys 
Toxicity Tests 

Biological and Chemical Analyses 


Ambherst View, Collins Bay, Kingston, 
Ontario, Canada 


HOWARD K. BELL 


Consulting Engineers 
G. 8. C. G. Gatrner J. K. Larnam 
Finney, Jr. 

Sewerage Water Works 
Sewage Treatment Water Purification 
Refuse Disposal Swimming Pools 
Industrial Wastes 


553 S. LIMESTONE ST., LEXINGTON, KY. 


BETZ LABORATORIES, INC. 
Consulting Engineers 


Industrial Waste 
Industrial Water 


Analysis Design 
Investigations Operation 
Gillingham & Worth Sts. Philadelphia 24, Pa. 


BIOLOGICAL CONSULTANTS 
D. J. Reish 4. L. Barnard G. F. Jones 
Marine and Freshwater Biological Suroeys 
Pollution Studies—effects of sewage and 

industrial wastes—outfall monitoring, 
Marine fouling and wood borer studies, 
ewe. and toxicity tests, 
. General economic oceanography. 


1471 Games Rd., Los Angeles 42, California 


It pays to secure competent and experienced engineering advice! 
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30a SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


BLACK & VEATCH 


Consulting Engineers 
Sewage - Water - Electricity - Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


BOGERT AND CHILDS 
Censalting Engineers 

CLinton L. Bocert Frep §. CHILDS 

Ivan L. BoGERT DoNALD M. DITMARS 

Ropert A. LINCOLN CHARLES A. MANGANARO 
WILLIAM MARTIN 

Water & Sewage Works 

Drainage 

Highways and Bridges 


Refuse Disposal 
Flood Control 
Airfields 


145 East 32nd Street, New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 


Sewage and Water Works—Industrial 
Wastes—Refuse Disposal—M unicipal 
Projects—Industrial Buildings—Reports— 
lans—Specifications—Supervision of 
Construction and Operation— 
Valuations—Laboratory Service 


75 West Street New York 6, N. Y. 


BOYLE ENGINEERING 
Consulting Engineers 
Water Sewers — Streets 


Structures — Surveys 
Reports—-Special Districts 


331 Spurgeon Bidg. 3913 Ohio, Rm. 200 
Santa Ana, Calif. San Diego 4, Calif. 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
te’... 


Official Professional Journal of the 
Sewage and Industria! Wastes Field! 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER - SEWAGE - INDUSTRIAL WASTE 


CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting Engineers 
Water and Sewage Works 
Industrial Waste Control and Treatment 


Laboratory Services 


508 TENTH STREET DES MOINES, IOWA 


FLOYD G. BROWNE AND ASSOCIATES 


F. G. Browne 8. W. Kuhner 
W. G. Smiley C. R. Martin 
G. M. Hinkamp W. H. Kuhn 


Consulting Engineers 


Water - Sewage - Industrial Wastes - Power 
Reports, Designs, Construction 
Supervision, Investigations, 


Laboratory 


123-125 W. Church Street Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 


112 East 19th Street New York 3, N. Y¥. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 


Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 3la 


BURNS & McDONNELL 
Engineers - Architects - Consultants 


KANSAS CITY, MO. 
P.O. Box 7088 


Phone: DElmar 3-4375 


DIRECTORY OF 
ENGINEERS 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 


Designs and Surveys Roads and Streets 
Planning Airports 
Bridges Dams 


Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration—Gas Systems 
Valuations—Rates—-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 


Municipal Industrial 
Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


360 East Grand Ave. Chicago 11, Ill. 


CONSULTING BIOLOGISTS 
Thomas Dolan Charles B. Wurtz 
Freshwater and Marine Pollution Surveys 

Biological Surveys of Sewage and 

Industrial Wastes 
Effects of Pollution 
Self-Purification Capacity Studies 
Analyses, Chemical and Bacteriological 
sioassays 
Investigations and Reports 
610 Commercial Trust Bldg. 
Philadelphia 2, Pa. 


Damon & Foster 


Consulting Ctotl Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. 
A Subsidiary of Wallace & Tiernan, incorporated 
Belleville 9, New Jersey 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


Sanitary and 
Hydraulic 
Engineer 


ROY B. EVERSON 


Sewage and industrial wastes treatment, city 
water purification, and complete swimming pool 
systems— Filtration Experience since 1900 
Valuations —Reports—- Research — Development 
207 W. Huron St., Chicago 10, Hl. 
SUperior 7-3339 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Express Highways 
Port and Terminal Works—Industrial Plants 


BOSTON 8, MASSACHUSETTS 


ONLY $66 PER YEAR 


the cost of a professional listing 

this space A card here will iden- 
your firm with the specialized 

wage and industrial wastes field and 
afford maximum prestige! 


FINKBEINER, PETTIS & STROUT 


CARLETON 8. FINKBEINER Cuarces E. Perris 
Haroip K. Strout 


Consulting Engineers 
5 ater Treatment, Sewerage 
reatment, Wast« rreatment, 


Highways & Expressways 


2130 Madison Avenue Toledo 2, Ohio 


FREESE & NICHOLS 
FORT WORTH, TEXAS 
FREESE, NICHOLS & TURNER 
HOUSTON, TEXAS 
Industrial and Municipal Engineering— 
Water Supply and Purification—Sewerage 
and Industrial Waste Treatment—High 
Ways and Structures—Dams—Drainage 
Works Airports Investigations—Valua 
tion—-Design and Supervision 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 
Water Supply Sewerage; Structures; 
‘ainage; Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Brid & Airports, Traffic & 
Parking— Appraisals, Investigations & Reports 
HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus 
trial waste disposal problems, prospec 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the 

Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 


New York READING. PA. Washington 


GREELEY & HANSEN 
Engineers 
amuel A. Greeley Paul Hansen (1920-1944) 
Paul E. Langdo Kenneth V. Hill 
Thomas M. Nile Samuel M. Clarke 
Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 


Sewerage, Sewage Treatment 


220 S, State Street, Chicago 4 


260 Godwin Avenue 


FRANK E. HARLEY AND ASSOCIATES 
Consulting Engineers 
Treat: 


Water Supply and Purification 
Industrial Wastes and Garbage Disposal 
Municipal Improvement Town Planning 
survey 


Sewerage and Sew 


Design, Supervision and Operation 


Wyckoff, N. J. 


Take advantage of the services of these outstanding consultants! 
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HARRIS-DECHANT ASSOCIATES 
Frederick H. Dechant Consulting Engineer 


Water Works, Industrial Wastes, Sewerage, 
Recovery Processes, Hydraulic Works, 
Natural Gas Transmission and Distribution. 


123 S. Broad St. Philadelphia 9, Pa. 


DIRECTORY OF 
ENGINEERS 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastes— Hydraulics 
Reports, Design, Supervision of Construction 


Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


HAVENS AND EMERSON 


A. A. Burger 
Harry H. Moseley J. W. Avery 
Frank S. Palocsay Edward S. Ordway 


Frank C. Tolles, Consultant 
Consulting Engineers 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 
Leader Bidg. Woolworth Bidg. 
Cleveland O. New York 7, N. 


HAZEN AND SAWYER 
ENGINEERS 
Ricnarp Hazen Acenep W. Sawyer 
H E. He DSON, Jn. 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


122 East 42nd St. 3333 Book Building 
New York 17, N. ¥. Detroit 26, Mich. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


2962 Harney St. Omaha 2, Nebraska 


HORNER & SHIFRIN 
Consulting Engineers 
W. W. Horner E. E. 
V. C. LiscHer 


Airports — Hydraulic Engineering — 
Sewerage and Sewage ‘Treatment — 
Water Supply Municipal Engineering 


Reports 
Shell Building, St. Louis 3, Missourt 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON-RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the 

Official Professional Journal of the 

Sewage and Industrial Wastes Field! 


WILLIAM T. INGRAM 
Consulting Engineer 
Sanitary and Public Health Engineering 
Planning Design Research ~Water 
Sewage— Refuse——Industrial Wastes 
Air Pollution Control Industrial Health 


20 Point Crescent, Whitestone 57, N. Y¥. 


It pays to secure competent and 


experienced engineering advice! 
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SEWAGE AND 


INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


Th i L 
e Jennings-Lawrence Co. 
Civil and Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construction 


1392 King Ave. Columbus 12, Ohio 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 
Security Bldg. Toledo 4, Ohio 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 


will afford maximum prestige! 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 


E. B. BESSELIEVRE, MGR 
STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave Toledo 1, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings. 


TROY, NEW YORK 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


MORRIS KNOWLES Inc. 
Engineers 
Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 


Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 
Consulting Engineers Since 1910 
Investigations, Reports, Designs 
Sewerage & Sewage Treatment 
Water Supply & Water Treatment 


Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes 
Reports, Designs, Supervision 
Of Construction and Operation 
Chemical & Biological Laboratory 


1100 South Broad St. Trenton, N. J. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS, Inc. 


Consulting Engineers 
Water Supply Sewage Treatment 
Industrial Waste Treatment 
BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


Take advantage of the services 


of these outstanding consultants! 
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METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 

Airports 


Statler Building 
Boston 16 


DIRECTORY OF 
ENGINEERS 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFF, 
HALL &@ MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structural Power Transportation 


165 Broadway New York 6, N.Y. 


Your firm should be 
listed here 


the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 


ment. 


PIATT & DAVIS 
AND ASSOCIATES 
P. D. DAVIS W. M. PIATT, III 
Consulting, Designing, and Supervising Engineers 


Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Streets, Power Plants 
Electrica! Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N. C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 

Malcolm Pirnie Ernest W. Whitlock 

Robert D. Mitchell Cari A. Arenander 

Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 


Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


RESOURCES RESEARCH, INC. 


Municipal and Industrial Air Pollution Control, 
Water Supply, Sewage Disposal, Public Health 


Reports, Investigations, Research 


Louis C. McCase, Pres. 


1246 Taylor St., N.W. Washington 11, D. C. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 EB. 149th St. New York 55, N.Y. 


RIPPLE AND HOWE, Inc. 

Consulting Engineers 

O. J. Rippre V. A. VASEEN B. V. Howe 
Appraisals—Reports 
Design—Supervision 

Water Works Systems, Filtration and Softening 

Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorado 


It pays to secure competent and experienced engineering advice! 
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RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial Electrical 
Rate Investigations 
408 Olive St., 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 


SMITH and GILLESPIE 


Consulting Engineers 


\ 


f 


ll types 
Municipal Public Works & 


Complets 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 
Consulting Engineers 
Hershey Building 208 S. LaSalle Street 
Muscatine, lowa Chicago 4, Illinois 


1154 Hanna Building 
Cleveland 15, Ohio 


ALDEN E. STILSON & ASSOCIATES 
Limited 
Consulting Engineers 
Water Ipy ewerage—Waste Disposal 
Bridge rhway Industrial Buildings 
veys— Reports 


245 N. High St. Columbus 15, Ohlo 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 

Official Professional Journal of the 

Sewage and Industrial Wastes Field! 


J. STEPHEN WATKINS 
. WatKINS R. WatKINS 
CONSULTING ENGINEERS 
ndustrial | Water 
and Sewage 


, Reports, 


251 East High Street Lexington, Kentucky 
tranch Office 


rar 
4726 Preston Highway Louisville, Kentucky 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 
Industrial Wastes 
Stream Pollution—Air Pollution 
Water—Sewage 
Surveys—Researeh— Development— Process 
Engineering Plans and Specifications — 
Operation Supervision — Analyses — Evalua- 
tions and Reports 


Newtown Square Pennsylvania 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
orrosion Control 
Sewerage, Sewage and Industrial 
es Treatment 
1 Pollution Studies 
mn, Valuatior 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 
Sewerage, Sewage Disposal, Municipal and In- 
dustrial Development Problems, Water Supply 
Water Purification, Water Front Improvements 
Investigations, Reports, Designs, Supervision 


Valuations 


89 Broad Street, Boston, Mass 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial 
wastes treatment. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical Electrical 
Reports, Plans, Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


OF SEWER 
CLEANED FOR 


PSEWERODER 


How? 


10, 560. (old method) @ 50¢ ft. $5,280.00 


| 


~~ 1958 \ 
158, 400 tt.with SEWERODER @ 3¢ ft. $4,752.00 


It’s Ezy To Figure 
The SeweRoder cleans 30 miles of sewers for 


what it formerly cost to clean 2 miles... Result 
—28 miles cleaned free. 


Saving the Tax Dollar 


In the past ten years many cities have taken 
advantage of the efficiency of the SeweRoder. 
Efficiency which enables the cleaning of up to 
three or four thousand feet of sewers per day 
with the consequent saving of thousands of 
dollars of taxpayers’ money. 


3786 DURANGO AVE., LOS ANGELES 34, CALIF. | 


7 LEX | B LE INC. 1005 SPENCERVILLE ROAD, LIMA, OHIO ' 


351 W. JEFFERSON BLVD., DALLAS, TEXAS 


WORLD'S LARGEST MANUFACTURERS OF PIPE CLEANING TOOLS 
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LOCK JOINT ROLLER SUSPENSION PIPE with the 
FLEXIBLE JOINT RUBBER GASKET is the ideal 
answer to installations requiring highest quality 
sewer or culvert pipe and maximum protection 
against ground water infiltration. 


This pipe, produced in diameters from 12” to 72” 
and in standard lengths of eight feet is manu- 
factured by an unique process which develops 
unusually strong, dense concrete, highly resistant 
to abrasion. Its joint ends, of almost machined 
accuracy, are particularly adaptable to the Lock 
Joint Flexible Joint Rubber Gasket. 


This gasket gives effective relief from infiltration 
into the pipeline and permits the joint to be opened 
up to %4” without endangering its tightness. This 
feature alone adds considerably to the ease and 
speed with which the line can be installed. 


The ‘Flexible Joint’’ gasket permits ample deflec- 
tion to accommodate normal ground settlement. 


Lock Joint also produces conventional machine 
made and cast concrete sewer and culvert pipe 
ranging from 6” to 120” and upward in diameter. 
All Lock Joint Pipe may be designed to comply with 
A.S.T.M., state highway or individual specifications. 


LOCK JOINT PIPE CO. 


East Orange, New Jersey 


Sewer and Culvert Pipe Plants: 


Kenilworth, New Jersey 
Hartford, Connecticut 
New Haven, Connecticut 
Beloit, Wisconsin 
Chicago, Illinois 

Rock Island, Illinois 


Valley Park, Missouri 

N. Kansas City, Missouri 
Tulsa, Oklahoma 
Oklahoma City, Oklahoma 
Wichita, Kansas 

Denver, Colorado 


Cheyenne, Wyoming 
Casper, Wyoming 
Tucumcari, New Mexico 
Hato Rey, Puerto Rico 
Ponce, Puerto Rico 
Caracas, Venezuela 


Also Great Lakes Concrete Pipe Company with plants at Buffalo, N. Y. and Henrietta, N. Y. 


LANCASTER PRESS, INC., LANCASTER, PA, 
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the V-notch 


the difference 


in chlorine cont 
Safe chlorine control is the job of a chlorinater, 
This control, the V-notch, does the job completely. = on 
Yet it appears to be simply a grooved plug ina ring. “Sas of 
it is, of course, more than that, ..much more. 


The groove in the plug is precision milled and shaped’ $6 
when you turn the control knob on your chlorinator and the 
slides through the ring, the size of the opening between the groove 
and the ring changes an exact amount. You meter chlorine @kqeaaitiEs 
and simply because every position of the plug in the ring makes 

a repeatable orifice size—a repeatable chlorine flow rate. 

Only in a W&T V-notch Chlorinator is control so si e, 

so precisely right. 

And, of course, the right plastics make the whole chloringter 
chlorine-proof. 


il" 


Up wr 4 


Myf 


MEM 


MD A booklet, “The V-notch 
Hf! bl Story” will tell you about all 
the W&T V-notch Chlorinator 
features. For your copy write 


Dept. S-126.84 


WALLACE & TIERNAN INCORPORATED 


2S MAIN STREET BELLEVILLE 9. NEW JERSEY 
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